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Water & Sewage Works Presents It’s 1960 Reference Number 


For the 27th time 
Water & Sewage Works is 


publishing a Reference Number. 


This 1960 Reference Number 
is issued with the hope of the 
publisher and the editor that it will 


be a useful text and information work in this field. 


This Reference Number, 

like its predecessors, is a reference 

book or "manual" in the field of water sup- 

ply and sewage disposal; it is a manual which 

is revised and updated each year with the most im- 


portant technical matter published during the previous year. 


Each Reference Number 
is, therefore, a single place to 
find the best and latest material on the 


field covered, for current and future reference. 


Many technical articles 

do not become outdated for several years, 

and, therefore, subscribers should retain at least the 

past four Numbers in order to have a complete "library". 

To aid the reader, each Number contains a consolidated index 
covering the past four issues as well as the current issue. For 


the benefit of new subscribers, this issue contains some basic material 
charts, and data, used in previous issues. 


All subscribers 
to Water & Sewage Works receive 


the Reference Number without extra charge. 
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INTRODUCTION 


This is the twenty-seventh issue of 
WATER AND SewaGe Works’ Refer- 
ence Number, evidence of the con- 
tinuing desirability of having avail- 
able, in a single volume, current sani- 
tary engineering information. A 1959 
reader survey showed overwhelming- 
ly that the Reference Number was in- 
deed a desirable working occupant of 
engineer’s offices everywhere. Your 
editors are gratified that this annual 
effort meets with such universal ac- 
ceptance. As the years pass changes 
in various aspects of any business 
occur and the sanitary engineering 
profession is no exception, though 
many changes are subtle and reflected 
only over extended periods. The trend 
toward combination of water and 
sewage management under a single 
responsible head continues, with 
credit to those earlier communities 
recognizing the inherent similarities. 

The Reference Number this year 
does not significantly differ from 
those in recent years. The same for- 
mat prevails, though extra effort has 
been exerted to include more recent 
references in the several areas. There 
has been an increase in scope of sub- 
jects covered this year, with inclu- 
sion of a section on Rates and 
Charges under Management. The 
Sewage Works Operations Section 
has also been rearranged and ex- 
panded to include sections on Odor 
Control, Sludge Disposal. Sludge 
Thickening and Sludge Pumping. 


Functional Operations 


There has been no change in pres- 
entation of articles covering subjects 
common to both water and sewage. 
Ingenuity and incentiveness have, 
however been applied to solving the 
various problems encountered. These 
solutions are to be found in the ar- 
ticles selected for this year’s Refer- 
ence Number. 


Significant advancements have 
been made in the areas of flow-meter- 
ing and instrumentation, which have 
common application in the field. 
Newer techniques have evolved also 
in chemical feeding and handling, at- 
tention being paid to utilizing storage, 
feed and dissolving units. Analytical 
procedures involving application of 
new instruments, are on the increase, 
with devices available both to water 
and sewage works technicians. 

Certain specific areas of activity 
are bound to vary between water and 
sewage works operations, therefore, 
references have been separated in the 
usual manner. 


Water Works Operations 


Increasing attention is being given 
to conservation of water resources by 
waterworks men everywhere. In- 
creases in U. S. population are being 
carefully studied so that water supply 
data can be correlated and efforts in 
resource development be properly ex- 
erted. 

Interest in proper selection of ma- 
terials to resist corrosion of distribu- 
tion systems is on the increase, as is 
work toward overcoming problems of 
pipeline encrustation and leak de- 
tection. Continuing application of 
telemetering principles to distribution 
control problems is resulting in im- 
proved service to many water con- 
sumers. 

Water treatment plants are being 
expanded in many locations, with 
new plants being constructed, though 
not at the rate required to meet fu- 
ture demands. Further, sophisticated 
treatment procedures are not being 
adopted as evidenced by the number 
of consumers who must use inordin- 
ately hard, and often iron-bearing 
water. One of the great challenges 
in the water supply industry is to de- 
velop means to produce and maintain 
water of improved quality. 


Sewage Works Operations 


Real progress is being made to- 
ward elimination or control of indus- 
trial waste discharge in sanitary sew- 
er systems. Slower, though measure- 
able progress is being made in re- 
source conservation through abate- 
ment of stream pollution. Enforce- 
ment authorities are busily engaged 
in continuing programs to clean up 
our Nation’s streams. 

Where the four basic treatment 
processes do not provide adequate 
waste treatment, considerable thought 
is being given to more complex sys- 
tems. In addition to primary and sec- 
ondary treatment plants, talk is now 
of tertiary treatment means. The en- 
tire effort is keyed to the degree of 
treatment necessary to render plant 
effluent acceptable to the environ- 
ment. That the environment is com- 
plex is just now beginning to be 
realized by the rank and file of sew- 
age works men. 

Chlorination continues to be a 
work horse in sewage disinfection and 
odor control. Odor control has it- 
self received considerable attention 
through other chemical means as a 
result of suburban community growth 
and close proximity of neighbors to 
treatment plants. 

Sewage solids disposal continues 
to receive conventional dewatering as 
well as drying and incineration. At 
least two plants have been construc- 
ted to rise the btu content of sludge 
in wet oxidation disposal systems. 
The result of this treatment is an in- 
nocuous ash. 


Industrial Wastes 

Reduction of industrial wastes as 
a problem in sewage treatment has 
been noted. This fact has been real- 
ized in many communities by cooper- 
ation between municipal and industry 
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technicians toward solving what are 
often thorny, nevertheless local prob- 
lems. Much has to be learned, both 
about the true significance of single 
wastes and about the complex result- 
ing from infinite mixing achieved in 
the receiving stream. The field has 
grown up, however, and remarkable 
progress is being made. 


Desian and Construction 


There are occasional requirements 
for deviation from standard design 
criteria for water and sewage treat- 
ment plants. Changes from conven- 
tional practice may result from unique 
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location, specific impurities, attain- 
ment of some particular effluent 
standard, or simple application of in- 
genuity. The latter are rarely fea- 
tured sufficiently in the trade press 
to receive anything like universal ap- 
plication, as utilitarian as they might 
be. 


Technical Data 


It is always helpful to have Chem- 
ical, Bacteriological, Hydraulic and 
Mathematical information close at 
hand. Articles, tables, diagrams and 
important information has therefore 
been included in this issue. 





Bulletins and Catalogs 


Information on where to find a 
wide variety of available equipment 
is included in bulletins and catalogs 
issued by manufacturers. Indispens- 
able to designers, contractors, oper- 
ators and technicians, these items and 
their source are itemized in the Refer- 
ence Number. 

To procure specific information, 
beyond that provided in the summar- 
ies, a card is provided for ordering 
particular bulletins and catalogs. 


V. W. Langworthy 
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Directory of State & Territorial Sanitary Engineers 


and 


Alabama 
Arthur N. Beck 
& Director 
of Sanitation 
State Dept. of Public Health 
State Off. Bldg. 
Montgomery 4, Alabama 


Alaske 
Amos J. Alter, Chief 
Sec. of Sanitation & Engrg. 
Alaska Dept. of Health 
Alaska Off. Bldg. 
Juneau, Alaska 


George W. Marx, Director 
and Chf. Eng. 
Bureau of Sanitation 
State Dept. of Health 
State Off. Bldg. 
Phoenix, Arizona 


Arkansas 
Glen T. Kellogg, 
Director and Chf. Eng. 
Bureau of San. Engrg. 
State Board of Health 
State Health Bldg. 
Little Rock, Arkansas 
California 
E. A. Reinke, Chief 
Bureau of San. Engrg. 
State Dept. of Public Health 
2151 Berkeley Way 
Berkeley 4, California 


Colorado 
. N. Gahr, Director 


Health Bidg. 
414 State Off. Bldg. 
Denver 2, Colorado 


Connecticut 
Warren J. Scott, Chief 
Sect. 


dg. 
Harfford 15, Connecticut 


Delaware 
Donald K. Harmeson, Director 


12 Capitol Sq. 
Atlanta 3, Georgia 


B. J. MceMorrow, Director 
Div. of Sanitation 
Hawaii Dept. of Health 
P.O. Box 3378 
Honolulu 1, Hawaii 


Idaho 

Vaughn Anderson, Chief 

Env. Sanitation Section 

State Dept. of Health 
422 Statehouse 
Boise, Idaho 


IMinois 
Cc. W. Klassen, Chief San. Engr. 


State Dept. of Public Health 
616 State Off. Bldg. 
Springfield, Illinois 


B. A. Poole, Director 
Bureau of Env. Sanitation 
State Board of Health 
1330 W. Michigan St. 
Indianapolis 7, Indiana 


lowa 
Paul J. Houser, Director 


Kansas 
Dwight F. Metzler, Chf. Engr. 
Division of Sanitation 


State Board of Health 
510 State Off. Bldg. 
Topeka, F ansas 


Kentucky 
Ralph C. Pickard, Director 
Bur. of Envir. Health 
State Dept. of Health 
275 E. Main St. 
Frankfurt, Kentucky 
Louisiana 
J. E. Trygg, Director 
Div. of a — Engrg. 
State Dept. of Health 
P.O. Box 630 
New Orleans 7, Louisiana 
Maine 


E. W. Campbell, Director 
Div. of Sanitary Engre 
State sy ~ of Health and Welfare 
Augusta, Maine 


Maryland 

M. Brown, Chief 

Bur. of Envir. 7 

State Dept. of Health 
State Off. Bldg. 

201 W. Preston St. 

Baltimore 18, Maryland 

Massachusetts 


Worthen H. segtes. Loong 
Div. of Sanitary 
State Dept. of Public ag 
State House 
Boston 33, Massachusetts 


Robt. 


Michigan 
John E. Vogt, Dir. 
Div. of Engrg. 
State Dept. of Health 
Lansing 4, Michigan 
Minnesota 


F. L. Woodward, Director 
Div. of Env. Sanitation 
State Dept. of Health 
, University Campus 
34. 4, " 
pr-ather ter 
J. E. Johnston, Director 
Div. of Sanitary Engrg. 
State Board of Health 
P.O. Box 1700 
Jackson 56, Mississippi 
Missouri 
A. W. Happy, Jr., Director 
Sect. of Envir. H'lth Serv. 
Div. of Health 
State Dept. of Pub. Health & 
Welfare 
Jefferson City, Missouri 
Montana 





C. W. Brinck, Director 
Div. of Env. Sanitation 
State Board of Health 
Helena, Montana 
Nebraska 
T. A. Filipi, Director 


State House St. or—Box 4757 
Lincoln 9, Nebraska 
Nevada 


W. White, Director 
Div. by Public Health Engrg. 
State Dept. of Health 
755 Ryland St. 
Reno, Nevada 
New Hampshire 
William A. Healy, Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
61 S. Spring St. 
Concord, New Hampshire 
New Jersey 
Alfred H. Fletcher, Director 
Div. of Env. Sanitation 
State Dept. of Health 
65 Prospect St. 
Trenton 7, New Jersey 
New Mexico 
Charles G. Caldwell, Dir. 
Env. Sanitation Services 
State Dept. of Pub. Health 
P.O. Box 711 
Santa Fe, New Mexico 
New York 
Dr. Meredith H. Thompson, Director 
Bureau of Env. Sanitation 
State Dept. of Health 
84 Holland Ave. 
Albany 8, New York 


U. S. Public Health Service Field Offices 


Neo. Carolina 
J. M. Jarrett, Director 
Div. of Sanitary Engrg. 
State Board of Health 
North McDowell St. 
Raleigh, North Carolina 
No. Dakota 
Willis Van Heuvelen, Chief 
Env. Sanitation Services 
State Dept. of Health 
Capitol Building 
Bismarck, North Dakota 
Ohio 
F. H. Waring 
Chief of Sanitary Engr. 
State Dept. of Health 
Ohio Departments Bldg. 
Columbus 15, Ohio 
Okiahoma 
Harold L. Malone, Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
4400 North Eastern 
Oklahoma City 5, Okla. 
Oregon 
C. M. Everts, Jr., Director 
Div. of Sanitation & Engrg. 
State Board of Health 
P.O. Box 231 
Portland 7, Oregon 
Pennsylvania 
Kerl M. Mason, Director 
Bur. of Envirn. Health 
State Dept. of Health 
P.O. Box 90 
Harrisburg, Pennsylvania 
Puerto Rico 
Felix C. 
Div. of Pub. Health 
Department of Health 
San Juan, Puerto Rico 
Rhode Island 
W. J. Shea, Chief 
Div. of Sanitary Engrg. 
State Dept. of Health 
355 State Off. Bldg. 
Providence 2, Rhode Island 
So. Carolina 
W. T. Linton, Dir. 
Div. of Sanitary Engrg 
State Board of Health 
Wade Hampton Bldg. 
Columbia, South Carolina 
Se. Dakota 
Charles E. Carl, Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
State Capitol 
Pierre, South Dakota 
Tennessee 
Julian R. Fleming, Director 
Div. of Sanitary Engrg 
State Dept. of Public Health 
Cordell Hull Bldg. 
Nashville 3, Tennessee 
Texas 
G. R. Herzik, Jr., Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
Austin 1, Texas 
Utah 
Lynn M. Thatcher, Chief 
Bur. of Sanitation 
State Dept. of Health 
45 So. Ft. Douglas Blvd. 
Salt Iake City 13, Utah 
Vermont 
E. L. Tracy, Chief 
Bureau of Env. Sanitation 
State Dept. of Health 
115 Colchester Ave. 
Burlington, Vermont 
Virginia 
E. C. Meredith, Director 
Div. of Engineering 
State Dept. of Health 
12th and Bank Sts. 
Richmond 19, Virginia 
Washington 
Emil C. Jensen, Chief 
Div. of Engrg. & Sanitation 
State Dept. of Health 
1523 Smith Tower 
Seattle 4, Washington 


Garcia-Franeo, Asst. Dir. 


W. Virginia 
J. H. Millar, Director 
Div. of Sanitary Engrg. 
State Dept. of Health 
1800 Washington St., E. 
Charleston 5, West Virginia 


Wisconsin 
O. J. Muegge, Director 
Of Environmental Sanitation 
State Board of Health 
453, State Off. Bldg. 
Medison 2, Wisconsin 


Wyoming 
Arthur E. Williamson, Dir. 
Div. of Env. Sanitation 
State Dept. of Public Health 
State Off. Bldg. 
Cheyenne, Wyoming 


Public Health Service 
Field Offices 


Sylvan C. Martin, Regional 
Engineer 
L. M. Klashman Regional Prog. Dir. 
Water Supply and Pollution Control 
U.S. Public Health Service 
42 Broadway 
New York 4, New York 


Callis H. Atkins, Regional Engineer 
L. W. Gebhard 


Regional Program Dir. 
Water Supply and Pollution Control 
U.S. Public Health Service 
700 East Jefferson Street 
Charlottesville, Virginia 


Howard W. Chapman, Regional 
Engineer 
J. R. Thoman 
Regional Program Dir. 
Water Supply and Pollution Control 
U.S. Public Health Service 
50 Seventh Street, N. E. 
Atlanta 23, Georgia 


Daniel W. Evans, Regional 
Engineer 
H. W. Poston, 

Regional Program Dir. 
Water Supply and Pollution Control 
U.S. Public Health Service 
433 Van Buren St. 
Chicago 7, Illinois 


Glen J. Hopkins, Regional Engineer 
H. C. Clare 
Regional Program Dir. 
Water Supply and Pollution Control 
U.S. Public Health Service 
911 Walnut Street 
Kansas City 6, Missouri 


E. C. Warkentin, Regional Engineer 
J. H. Svore 


Regional Program Dir. 
Water Supply and Pollution Control 
U.S. Public Health Service 

1114 Street 
Dallas 2, Texas 


Edmund on Regional Engineer 
W. Nasi 
misnentl Program Dir. 
Water Supply & Pollution Control 
U.S. Public Health Service 
621 Seventeenth St. 
Denver 2, Colorado 


Russell W. Hart, Regional Engineer 
P. W. Eastman, Jr. 
Regional Program Dir. 

Water Supply and Pollution Control 

U.S. Public Health Service 
447 Federal Office Building 
Civic Center 
San Francisco 2, California 
Leonard .~ Dworsky, Officer 
In Charge 
Pacific Northwest Water Supply 
and Pollution 
Control Activities 
U.S. Public Health Service 
620 S. W. Main Street 
Portland 5, Oregon 
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Directory of State and Interstate 
Water Pollution Control Agencies 


Alabama —— oes - New Jersey 
Arthur N. Beck, Technical Secretary Fr. Edmune G. <ammerer . Roscoe P. Kandle 
Water Improvement Commission State Commissioner of Health State Commissioner of Health 
State Off. Bldg. vag ——_. — State Dept. of Health 
a Des Moines 19, lows pA DS i 


Konses New Mexico 
Dr. H. V. Gibson, Dir. 
Dept. of Health per tw Ph aa Dr. Stanley J. Leland 
Alaska Office Bidg. State Board of Health Dir. of Public Health 
Juneau, Alaska State Off. Bldg. New Mexico Dept. of Public Health 
Arizona Topeka Ave. at 10th Santa Fe, New Mexico 
Dr. C. G. Salsbury eeapecotinpgame New York 
Comm. of Pub. Health Kentucky . Herman E. Hilleboe 
ae Pate Bah Richard C. Pickard . ealt 415 W 
tate - Bldg. Dir. & Chief Eng. 
Phoenix, Arizona Water Pollution Control Commission 84 Holland Ave. Senaes Te, Ve 
State Dept. of Health Albany 8, New York Virgin Islands 
Arkansas Frankfurt, Kentucky No. Caroll De. Misieta: Seams 
Glen T. Kellogg, Technical Secretary teeiene Earl c Hubbard Commissioner of Health 
— tig A ey _— Kenneth E. Biglane, Exec. Secy. Director and Executive Secreatry Virgin Islands Department 
921 W. Markham Stream Commission State Stream Sanitation Committee of 
Little Rock, Arkansas Box 9055, University Station N. McDowell St. Charlotte Amalie, St. Thomas 
Baton Rouge 3, Louisiana Raleigh, North Carolina Virgin Islands 
Seen ll we — we 
Executive Officer Dr. Dean H. Fisher, Secretary W. Van Heuvelen Art Garton, Director 
State Water Pollution Control Bd Water Improvement Commission Executive Officer State Pollution Control Commission 
1227 “O” St. Room 316 c/o Dept. <= — & Welfare State ———-* — a Health Old Canttel Bids. 
tate House ap g. Olympia, W: gton 
Sacramento 14, California hepa. Tastne Bi k, North Dakota ae RTT 


Colorado 
. Maryland Ohio 
uate Dnt at PU cian Robert M. Brown, Chief Dr. Ralph E. Dwork, Chairman pare Ve oats, Sew. 
4210 E. 11th St. Bur. of Environ. Hygiene State Water Poll. Cont. Bd. Charleston 1, West Virginia 
Denver 2, Colorado State Dept. of Health 306 Ohio Depts. Bldg. 
‘ State Off. Bldg. Columbus 15, Ohio 


Connecticut 301 W. Preston St. 
William S. Wise, Director Baltimore 1, Maryland Oklahoma 
Water Resource Commission Massachusett Dr. Kirk IE me J 
yg ee Dr. Alfred L. Frechette State Devt, of Health 
Hartf Layo Ave. Commissioner of Public Health 3400 North Eastern 
sain necticut Mass. Dept. of Public Health Oklahoma City 5, Oklahoma 
Dr. James W. Sampson 


Delaware 546 Statehouse 
Boston 33, Massachusetts Oregon Director of Public Health 


“i. we Michigan De ees ean sae Bente Of. Big. 
State Water Pollution Commission Milton P. Adams Panera? ee yb mer A Cheyenne, Wyoming 


State House Annex retary 
Governor’s Ave. & Division St. weil en ae Commission 1400 S. W. 5th Ave. 
Dover, Delaware Station B Portland 1, Oregon 
District of Columbia nates Wie. Pennsytvenie Interstate Agencies 
t. 
William H. Cary Jr. Lansing 13, Michigan Dr. Charles L. Wilbar, Jr., Chair. Bi-State Agency 
Sanitary Water Board Lief J. Sverdrup, Chairman 
Minnesota Pennsylvania Department of Health Bi-State Development Agency 
Dr. R. N. Barr, Secreta: State Capitol 915 Olive Street 
Water Pollution Control a Health & Welfare Bldg. St. Louis 1, Missouri 
State Dept. of Health Harrisburg, Pennsylvania 
Campus, University of Minnesota Delowore River 
Minneapolis 14, Minnesota Puerto Rico James H. Allen, Exec. 
Mississippi Dr. Guillermo Arbona 
Secretary of Health 
- Dr. , ee we 4 See Department of 
xecutive icer y- P. Leon B 
Jacksonville 1, Florida State Board of Health nig Posrto Rico 
Felix J. Underwood State Brd. of 
Georgia Health Bidg. Rhode Island 
Dr. John H. Venable, Director P.O. Box 1700 
Georgia Dept. of Public Health Jackson 5, Mississippi —- my Dalley 
wer WE Missouri Department of Health 
colatae Jack K. Smith, Exec. Secy. OE, Pg em, 
Hewail State Water Poll. Bd. eee 
Dr. Richard K. C. Lee 112 W. High St. ea 
Me 5 re) SNES Cae, len W. T. Linton, Executive Director R. R. Bond, Exee. Seey. 
Kapuaiwa Bidg Montana State Water Pollution Control Auth. Klamath River Compact Comm 
P.O. Box 3378 Dr. G. D. Carlyle Thompson Rm 417 Wade Hampton Bldg. P.O. Box 38 
Executive Officer and Secretary Columbia 1, South Carolina Sacramento 5, Calif. 


Honolulu 1, Hawaii State Beand of teal 
as So. Dakota N. Y., N. J., Conn. 


Idaho tg J Bldg. 
Dr. T. O. Carver lena, Montana Charles E. Carl Thos. R. Glenn, Jr. 
Administrator of Health Nebreshs Secretary & Executive Officer Director and Ch. Engr. 
Idaho Department of Health Committee on Water Pollution Sanitation Comm 
Statehouse Dr. E. A. Rogers State Capitol 
Idaho Director of Health Pierre, South Dakota New York 19, New York 


Hinok State Capitol " Tennessee Ohio River 
Cc. W ie Technical Secretary a S. Leary Jones Edward J. Cleary 
” State Sanitary Water Board Nevada Director Exec. Dir. & Ch. x 
Dept. of Public Health Dr. D. J. Hurley con ee oe Board Ohio River Valley Water 
State Off. Bldg. State Health Officer Sixth Ave. North bere r — ~oh —-4 
se Be Seen Ot State Dept. of Health Nashville 3, Tennessee Cincinnati 2, Ohio 
Springfield, Illinois Carson City, Nevada . 


Indiana New Hampshire Texas 
B. A. Poole, Technical Secretary William A. Healy Dr. J. E. Pea Ellis 8. Director 
Stream Pollution Control Board Technical Secretary Comm. of Health The AR kb. Basin 
State Board of Health Water Pollution Commission State Dept. of Health 208 Transportation Bldg. 
1100 W. 49th St. 815-17th St. N. W. 


1330 W. Michigan St. 61 So. Spring St. > 
Indianapolis 7, Indiana Concord, New Hampshire Austin 5 Texas Washington 6, D. C. 
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Books and Reference Manuals 


Suggested Library Material for Water and Sewage Works 


Title and Price 
(F=Free) Publisher Author 





|. Books for All Water and Sewage Works 


Book of pH ($6.00) ie I MU doa b's ok 4 ee baka act jcadatete dns de bedocs aden Weber 
First Aid, Surgical and Medical 4th Ed. ($4.00) Appleton-Century-Crofts, Inc 
Glossary—Water and Sewage Control Enginecring 

($2.00) ASCE, APHA, AWWA, FSIWA 
Handbook of Cast Iron Pipe, 2nd Ed. ................-. Cast Iron Pipe Research Assn. 
Laboratory Manual for Chemical & Bacterial 

Analysis of Water and Sewage 3rd Ed. ($5.00) ...... McGraw-Hill Book Co , Malmann & Eldridge 
Lime Handling, Application and Storage 

in Treatment Processes (F) ...2..ccccccccccccccscces ne Sie Athy, .......6 RE etheweki idee Ceech wins Siew. Rudolfs 
Modern pH and Chlorine Control, 14th Ed. (F) MD ihn owe ok is haves ddekgcds tvanasnewe Taylor & McCrumb 
Pipe Friction Manual, 1954 Ed. ($1.75) Hydraulic Institute 
Rural Water Supply and Sanitation, 2nd Ed. ($4.90) ....John Wiley & Sons 
Standard Methods for the Examination of Water, 

Sewage, and Industrial Wastes, 10th Ed. ($7.50) APHA, AWWA, & FSIWA 
Water Conditioning Data Book, 4th Ed. (F) The Permutit Co. 
Water Gor TaGaetey (GBTE) 6c cviic bide decicsccsSeeesesy Am. Assn. for Advance of Science 


Pi éédncki cdtdeenvee nee Cole and Puestow 


ll. Books for Large Water and Sewage Works 


Civil Engineering Handbook, 4th Ed. ($17.50) DPE ER's dak cc ccc cdan ss da dviareeidoudied cee cteion umes Urquhardt 
Corrosion: Causes and Prevention, 3rd Ed. ($12.00) ....McGraw-Hill Book Co. ....... 0. ccc ccc ccc ccc ccccccccccceceuee Speller 
Corrosion Handbook ($16.00) John Wiley & Sons 
Data Book for Civil Engineers, I—Design, 
2nd Ed. ($16.75) John Wiley & Sons 
Data Book for Civil Engineers, I1I—Specifications 
and Costs 3rd Ed. ($20.00) John Wiley & Sons 
Data Book for a Engineers, III—Field Practice 
2nd Ed. ($7.50) John Wiley & Sons 
Elements of Water Supply and Waste-Water 
Disposal ($8 95) John Wiley & Sons 


Engineering in Public Health ($9.50) MO EE, MIE CO oo. ccc ddcauckcuwsucesacibaceueevenkern Babbitt 


Flow Measurement and Control ($11.00) Ee SEES EAD oo noc ac atc ncanaddavneeesuccuvakéntehealaereel Coxon 
Freshwater Biology, 1918 Ed. ($12.00) John Wiley & Sons Ward & Whipple 
Fundamental Considerations in Rates and Rate 
Structures for Water and Sewage Works— 
Joint Comm. Rept. ($0.75) ASCE, ABA, AWWA, APWA, NARUC, MFOA, IBAA, FSIWA 
Handbook of Applied Hydraulics, 2nd Ed. ($17.50) McGraw-Hill Book Co. i 
Handbook of Chemistry and Physics, 40th Ed. ($12.00) ..Chemical Rubber Co. .............. GETS. Clee, 2a TA Oes AR 
Handbook of Chemistry, 9th Ed. ($12.00) Migrates tte Ce, occ ccc dedees sleek SLR Lange 
Handbook of Hydraulics, 5th Ed. ($10.00) McGraw-Hill Book -Co. 
Hydraulic Tables 3rd Ed. ($4.50) John Wiley & Sons 
Industrial Water & Industrial Waste Water, Continuous 
Analysis of, S.T.P. 130 1953 Ed. ($1.50) 
Introduction to the Bacteria 2nd Ed. ($7.50) 
Mechanical Engineers’ Handbook, Power 
Volume, 12th Ed. ($10.00) John Wiley & Sons Kent-Salisbury 
Microbiology, 2nd Ed. ($7.50) Fipeeetes 4 emteee-Crafta, Ine... occ cco cde weds cbueds ivns Kelly and Hite 
Pipe Friction Manual—1954 Ed. ($1.75) Hydraulic Institute 
Plane Surveying ($6.75) John Wiley & Sons 
Practice of Sanitation ($8.00) ee TORN CR. co ces cudeiwkbsickdink ecnuen Hopkins & Schulze 
Public Health Engineering, Vol. I ($8.50) John Wiley & Sons 
Public Health Engineering, Vol. II ($5.50) John Wiley & Sons 
Pump Handbook ($4.00) The National Press 
Pumps ($6.50) 
Rainfall and Runoff ($10.00) 


Williams & Hazen 


Ls enodeet $hcnebelesnehs ates Kristal & Annett 
b dds 5. 58 bc adsce céUaae OSU ERAMed tlc aeh See Foster 
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Rosenau Preventive Medicine and Public Health 
Specifications and Law on Engineering Works ($6.50) ...John Wiley & Sons 
Standards of the Hydraulic Institute, 10th Ed. ($4.75) ... Hydraulic Institute 
Standard Mathematical Tables, 10th Ed. ($3.00) Cae Tee Ei Sass onc civdiswkcecccoccctcusdhvtacveseers Velane dees 
Standard Practices for Low and Medium Speed 

Stationary Diese! Engines, 4th Ed. ($5.00) Disenes Tene DEO. PAM, ois dc b.kis occ cccscdcccncddcadbbaacebeasaaneebess 
Water Supply and Waste-Water Disposal ($16.00) ....John Wiley & Sons Fair & Geyer 
Zinsser’s Bacteriology, 11th Ed. (1951) ($12.00) Smith & Conont 


Ill. Books for Small and Large Water Works 


Fluoridation as a Public Health Measure ($4.50) Am. Assn. for Advance of Science Shaw, et al 
Legal Guide for Water Works Men ($1.00) UN URINE MUU ag PIE, cco vcteccccvececccctuseees Donnelly Co. 
Manual for Water Plant Operators ($6.50) CONN PIII GE yi eis co's od on dyes éb0. 0s 00nep ogame Hirsch 


Manual for Water Works Operators, 3rd Ed. ($5.00) ....Tex. Wat. & Sew. Wks. Assn. .........cccccccccccccecceces Billings, et al 
Operation of Water Filtration Plants of 


Mechanical Gravity Type—Bul. No. 484 ($1.00) San. Eng. Div., No. Car. St. Board of Health 
Taste and Odor Control in Water Purification, 

2nd Ed. (F) Industrial Chemical Sales Div., W. Va. Pulp & Paper Co. .............. 
Water Supply and Treatment, 8th Ed. ($2.00) National Lime Assn. Hoover-Riehl 
Water Works Operation ($1.00) Case-Shepperd-Mann Dept., R. H. Donnelley Co. ...........-ceeeeeeees 
Water Works Questions and Answers ($1.00) Case-Shepperd-Mann Dept., R. H. Donnelley Co. ...... his apandeaeindS dae 


IV. Books for Small and Large Sewage Works 


Compressed Air Handbook, 2nd Ed. ($8.00) DEER HG ne eceRie ls Caek ogee cnccdnest eens, comhaake 
Control of Sludge Quality ($1.00) .....................Case-Shepperd-Mann Dept., R. H. Donnelley Co. ................2-00-: 
Controlling Roots in Sewers, Spec. Rept. No. 5 ($1.00) ..Am. Pub. Wks. Assn. 
HanGbeok af Cast tvon Pipe, 2nd Ed. CP). ..2......... s+. GCOOt Doom Pipe BAGO, 6c on cc cicsacesccscccvcsnvesecs Crevvesioge 
Laboratory Control of Sewage Treatment ($1.00) .......Case-Shepperd-Mann Dept., R. H. Donnelley Co. ..................000- 
Manual for Sewage Plant Operations, 2nd Ed. ($6.50) ..Tex. Wat. & Sew. Wks. Assn. .............. ce ceeeeceeeeeee Billings, et al 
Manuals of Practice (I-9) ed Birt ee rN I, 55 nok 9 0:0, 0.0060000) 00 cdenepsaunenenennie oe 
Practice of Sanitation ($8.00) Williams & Wilkins 
Principles of Sewage Treatment, 4th Ed. ($1.25) ........ National Lime Assn. 
Recent Developments in Chlorination Practice, Spec. 

i a sb cas ens honssccs ber cwarvaea ct Amn, Pe ee AM C5 ai ing ch Na chencdbdu temic adeeaeleeueriiet 
Sewage Treatment, 2nd Ed. ($7.50) John Wiley & Sons Imhoff & Fair 
Sewage Works Guide ($1.00) Case-Shepperd-Mann Dept., R. H. Donnelley Co. ..............22eeceee 


V. Books for Large Water Works 


Fresh Water Algae of the U.S., 2nd Ed. ($13.00) ....... I RE I EN 5. v0: d A dose vopnespeehacs tend Smith 
CE IO SEMI ©, 5. v.ccncnccdsbcwascecessebcesis Eire Se GE css bn dvr 6 4406 0ocenkeeeaneeeetae Tolman 
Hydroelectric Handbook, 2nd Ed. ($17.00) John Wiley & Sons 
Hydrology ($7.50) John Wiley & Sons 
Index to Journal AWWA— 1940-5: 

1940-55 ($4.50) Pion. Wea TORS 6. oon. nk Seddids cs ches cecsveyh hess ebiness eee 
Ion Exchange Resins, 2nd Ed. ($11.00) John Wiley & Sons 
Laboratory Control of Water Purification ($4.00) .......Case-Shepperd-Mann Dept., R. H. Donnelley Co. .............cccceeeee 
Manual of Water Works Accounting ($4.00) .........../ ie: TH RS. so v0 oh:b 0.0 Sukewede ckeds oad vomitewaen ae 
Doel on Detetene semter, 1957 Bd. (97.50) ..::..<.0. 5A. Bee. a PE sono ce wc cscntcheh > cde dttvetiaes dieu eee 
Microscopy of Drinking Water, 4th Ed. ($12.00) .......John Wiley & Sons Whipple, Fair & Whipple 
NFPA Handbook of Fire Protection, 11th Ed. ($10.50) .. National Fire Protection Assn. ..............cccccucccccccccccccecceeces 
Physics of Flow Through Porous Media ($14.00) The Macmillan Co. 
Public Water Supplies, 4th Ed. ($7.75) John Wiley & Sons 
Survival and Retirement Experience with Water Works 

Facilities ($3.00) Am. Wat. Wks. Assn. 
The Quest for Pure Water ($5.00) ...............-00 004 Ale TR CU i dacedivicvccesotencodectevst emer N. M. Baker 
Water Bacteriology, 6th Ed. ($5.25) John Wiley & Sons Prescott, Winslow & McCrady 
Water Conditioning For Industry ($10.00) SUR REENON  GCO, - 5 a cs cdbccesa ssn ceuesdaeebedes mien Powell 
Water Power Engineering, 2nd Ed. ($10.00) Te CN onic vic dhe cucddaccdscwessdebivia weenie . Hammond 
Water Quality and Treatment, 2nd Ed. ($5.00) ........ Am. Wat. Wks. Assn. 
Water Supply and Purification, 3rd Ed. ($7.25) imevnatie: Destbook Co. .....00504. 0 oui. RAVINE es Hardenbergh 
Water Supply Engineering, 5th Ed. ($8.75) McGraw-Hill Book Co. ......... jueceteosontweseeeeete Babbitt & Doland 
Water Supply and Sewage, 3rd Ed. ($8.75) RRP TUE HO no o's ciiionre s vecevusdeaunstnvceens cde Steel 
Water Treatment for Industrial and Other Uses ($12.00) . Reinhold Book Division 
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VI. Books for Large Sewage Works 
American Sewage Practice—Vol. I1I—Disposal of 

Sewage, 3rd Ed. ($10.00) 

Biological Treatment of Sewage and Industrial Waste—- 

Vol. I Aerobic Oxidation ($10.00) 

Vol. II Anaerobic Digestion ($11.00) Beene Wades Te neces 5 0sFandodeRacnwaniea McCabe & Eckenfelder 
Disposal of Industrial Wastes Materials ($7.50) Tis TRE GO. ood. kn 0's K0d0be dos aneaeaeeent So. Chem. Industry 
Disposal of Radioactive Wastes ($3.50) OOO EE) Fb. ccecccnsceddisrvesshade Saddington & Templeton 
Index, Sewage Works Journal (1928-48) ($4.50) OE te Oe A POON, 0 oka cas apindansacdeand Wisely & Symons 
Index, Sewage & Industrial Wastes (1949-58) Bed: Sow. O Ind Weaies ROG... .cccicnes suns: 0 edasdusseaunaesameees 
Industrial Waste Disposal Charges in Cities over 

5000 Population, Spec. Rept. No. 18-S ($2.00) Bak eG: Wes Oo eini ck cee sbacrak beet dh cee Baffa, et al 
Industrial Wastes, Their Treatment and Disposal ($9.50) . Reinhold Book Div. ..............ccccceccccccecccveeeceees Rudolfs, et al 
Industrial Waste Treatment ($9.50) McGraw-Hill Book Co. 
Industrial Waste Treatment Practice John Wiley & Sons 
National Plumbing Code 
Recommended Minimum Requirements for U.S. Gov't Printing Office 

Plumbing ($1.25) Bibt, Bet? WE: EGGG. ooo. cs sicivevscévetve be tades Soh ASA-A-40.8-1955 
Sewerage and Sewage Disposal, 2nd Ed. ($12.00) MedueherFiae Book Ce. 6 58. dee GS NA Metcalf & Eddy 
Sewage Service Charges in Cities over 5000 Population 

Spec. Rept. No. 18 ($2.00) fon: Pek. Wile. Ramis. deck ease xtie ei ei he FG: Tatlock, et al 
Sewerage and Sewage Treatment, 3rd Ed. ($6.75) Penahiamel Tetinale Geers «6s ie oe Tita teancdeaciee Hardenbergh 
Sewerage and Sewage Treatment, 7th Ed. ($8.75) John Wiley & Sons Babbitt 
Stream Sanitation ($6.00) John Wiley & Sons 


irT eA Bale Can. o.6ninnc0.s.csc cncccctecundiae dou Metcalf & Eddy 


606 ececees gal dethtasespeaekieeieasl Besselievre 


Uniform System of Accounts for Sewer Utilities ($5.00) .. Fed. Sew. & Ind. Wastes Assns. ........0..ccccccceccccccccccccececcece 


Vil. Technical Reports, Manuals, Bulletins and Reprints? 


A. Userut 1n Botn WaTER AND SEWAGE WorKs 

Chemical Lime Facts (F) ........cc.ccsccceccceeeeeeee National Lime Assn. 
Conversion Factors for Engineers, 23rd Ed. (F) RG tet: Tae, bias iki ods ice cb aca pe ce taeks een cda eb acehdaakavite 
Financing Water Works and Sewerage Works 

PONE KUMNEEY cccpossbels cd hues. Cosescugsclcsscdemee wae, & Sew; Coalf,.......scacdiapeboile 22 Ni Rea Summers 
Flow of Fluids Through Valves, Fittings and Pipe, 

1956 Ed. (F) 
Flow of Water in Cast Iron Pipe (F) Gatt-Ison Pipe Reseaseli Aces. ..ccicic iis eee Sa Le: 
Keep Sheets of B-I-F Industries, Inc. ($1.00) B-I-F Industries, Inc. 
Manual on Chemical Feed Machines, 1953 Ed. ($2.00) ...Mo. Wat. & Sew. Conf. 
Manual on Consumer Water Rates, Part 1, 1952 Ed. 

($2.00) Mo. Wat. & Sew. Conf. 
Principles of Handling Chlorine (F) The Chlorine Institute 
Public Relations Manual for Water Works and Sewage 

Works Operators ($2.00) Bae weet, O Bow: Caak: od... < Sickie dines ditch eisaesdcncanaa Magill 
Safety Manual ($1.50) Am. Wat. Wks. Assn. 
Specifications for Stationary Chlorine Storage 

Installations (F) The Chlorine Institute 
The Chlorine Manual (F) The Chlorine Institute 


B. Userut 1n Water Works 


Copper Sulfate in Control of Microscopic Organisms, 

1954 Ed. (F) ey Woes Fy Cag ais cin a cineca (a0 eceedeacaacseenbsced Hale 
Drinking Water Standards ($0.10) Govt. Printing Office 
Fire Engine Tests and Fire Stream Tables (F) Nat. Bd. Fire Underwriters 
Management Manual ($2.00) 
Operation and Repair of Water Facilities in Civil 1g : 

Defense Emergencies ($0.25) U.S. Govt. Printing Office 
Pamphlets on Story of Water ($0.05 to $0.10) eee VE AGG <6 0s EA Rha ATL 
Priceless Water is Your Business (F) POND GUND oc occ bcc cdscdcccdcancdaccedwactuaadetchens aeeaties 
Producers and Repackagers of Chlorine in U. S. (F) ..The Chlorine Institute . 
Reprints of AWWA Committee Reports and Standards 

(order by number from list of AWWA publications) ..Am. Wat. Wks. Assn. .... 2.2.0.0 2. c cece ccc e cece eeee cee cnceneeeceeceees 





(1) The U. S. Public Health Service, all State Health Departments, The Amer. Wat. Wks. Assn, Fed. Sew. & Ind. Wastes Assn., 
and most colleges of ineering have many manuals, bulletins, and reprints (at nominal prices) of interest to water and 
sewage plant operation. Also, equipment manufacturers offer free technical reprints on equipment and process operation in the 
fields of water supply and sewage disposal. 
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Silent Service Is Not Enough—Public Relations ($1.50) .. Am. Wat. Wks. Assn. ..........cccccecccccccccccccenccssecseseseoceeees 


Water Chlorination, History, Development etc. (F) 
Water, Make Sure You'll Have Plenty (F) 

Water Rates Manual ($1.25) 

Water Rate Structures in America—1940 Ed. ($0.25) 
What Price Water ($0.10) 


....The Chlorine Institute 
Cast Iron Pipe Res. Assn. ......ccccccccccccnccccccccccccsvcvessocseece 
AS ER AOE, fs coccic cc ciccccctoncodtavebdscdovcceenedlipeecee 
oo Pub, Stew: Come: OF Wrist io ican eis ee ie GeO ns 50 TIS ee 
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C. Userut IN SEWAGE WorkKS 


Copper Sulfate for Root and Fungus Control in Sanitary 
Sewers and Storm Drains. 1954 Ed. (F) 


Engineering Solutions to Industrial Wastes 
Treatment Problems ($1.00) 


Engineering Solutions to Sewage Treatment 
Plant Design Problems ($1.00) 


Filtering Materials for Sewage Treatment 


How to Get Top Performance from Sewage 
Treatment Plants ($1.00) 


Manuals of Practice Nos. 1.2.3.4.5,6 (various prices) 


Renort of Committee of Great Lakes—Upper Mississippi 
River Board of State Sanitary Fngineers— 


Pan Ce a Cs 5. voce cocecnecchuph chan enaeeeets Hood 
Case-Sheppard-Mann Dept. R. H. Donnelley Co. .............sseeeeeeees 


Case-Sheppard-Mann Dept. R. H. Donnelley Co. ...............eeeeeeees 


Case-Sheppard-Mann Dept. R. H. Donnelley Co. .............00seceenees 
soa POR Bowes Wat: Ante 65. eek cesvatilissuivinn ieee. 


tah ce cie om beie Wx Fis ee es DO on ans ohne hina Saban ncn 00k des ees 


Sewage Treatment Plant Design ($7.00) 
Uniform System of Accounts for Sewer 
Utilities ($5.00) 


ASCE, FSIWA 


Addresses of Technical Book Publishers 


Publisher 


American Association for the Advancement of Science 
Mentreean Pubs Works Agen. iiss oii ices... cece cece nave 
American Society for Testing Materials ; 
American Society of Civil Engineers ..................220ceecees 
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Fifty Years’ Experience With Water Utility 


Costs and Revenues* 


FF’ years ago the regulation of 
public utilities as it is today was 
unknown. Wisconsin had its railroad 
commission, but other state regulatory 
bodies were not yet in existence. Most 
of the midwestern public water sys- 
tems had been built in the two decades 
from 1880 to 1900, and many were 
originally constructed by private com- 
panies operating under franchise, usu- 
ally running for a 20-25-year period. 
Frequently these franchises prescribed 
rates as well as conditions of service, 
both of which were considered firm 
contractual obligations. 

Many of the franchises were termi- 
nating in the 1900’s. Some were re- 
newed, but in a large number of oth- 
ers, the cities elected to exercise the 
option, usually contained in the origi- 
nal franchise, of taking over the prop- 
erty rather than extending the iran- 
chise for another period. When such 
a decision was made, the value of the 
property had to be decided. Many 
franchises specified that the purchase 
price should be determined by an 
arbitration board consisting of three 
nationally known engineers: one se- 
lected by the city, another by the water 
company, and a third or neutral arbi- 
trator selected by the other two. In 
most cases the decision of the arbi- 
trators was binding, at least upon the 
water company, but frequently not 
upon the city. Some arbitrations re- 
sulted in extended litigation with de- 
cisions establishing new public utility 
law, as in the famous cases of the 
National City Water of Kansas; Du- 
buque, Iowa; Knoxville, Tenn.; 
Omaha, Neb.; Des Moines, Iowa; 
and many others, some of which ter- 
minated in the U.S. Supreme Court. 


*Reprinted from JAWWA, Vol. 51, No. 
6, p. 693-700. 


by LOUIS R. HOWSON 


Partner, Alvord, Burdick & Howson, Chicago, Ill. 


Determination of Rates 


Rates were usually specified in the 
franchises. The economy was slowly 
changing, and over franchise periods 
of 20 years or more the value of the 
dollar diminished. With the decline 
of net income because of rising costs, 
combined with the undue optimism 
about the early earnings of water 
works among those seeking franchises, 
a very large percentage of the private 
water works built prior to 1900 went 
bankrupt. By 1920, many states had 
created public utility commissions re- 
sponsible for fixing value for rate- 
making purposes and fixing rates fair 
hoth to the utility and the public. 
These commissions determined fair 
rates rather than perpetuate the fran- 
chise rates agreed upon under eco- 
nomic conditions quite different from 
those prevailing after World War I. 
Many water companies owe their sol- 
vency to the early decisions made by 
these commissions. During this infla- 
tionary period, had the utilities been 


required to give service at the rates 
prescribed in the franchises, most of 
them would have gone bankrupt. 


Early Operation 


Water works operation in the early 
days was not a simple matter and 
progress was slow. There were only 
17 water works in the United States 
in 1800; only 83 in 1850. By 1900, 
owing to the large number of water 
works constructed in the last two 
decades of the nineteenth century, 
there were 4,000 public water supplies. 
By 1924 the number had reached 
7,650, and at the present time there 
are approximately 18,000 public water 
supplies in the United States. 


It was exceedingly difficult at first 
to get consumers to use public water 
systems. Often the public supply, 
though large enough, was neither as 
palatable nor as safe as the water from 
individual wells. In the Middle West, 
on the average, water works systems 
did not attain a ratio of one service 











Population per Service 






































Age of Plant —yr 
Fig. 1. Rates of Service Growth 
The curves were plotted from the statistics of 72 water works in the Middle West 
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to each five inhabitants until about 40 
years after original construction. This 
lag in use and revenues seriously af- 
fected the earnings of investments in 
water works properties. There was a 
long and costly development stage be- 
fore a new water works became finan- 
cially successful. 

In order to ascertain the facts con- 
cerning the rate of acquisition of serv- 
ices, statistics of 72 Midwestern water 
works, obtained by the author’s staff, 
were plotted on a graph (Fig. 1). 
This study, made in 1910, shows that 
on the average, 7 years after a water 
works was completed it had only one 
service for every ten inhabitants, and 
that in come cities it took more than 
20 years to arrive at this ratio. Today 
most water works have a saturation 
of one service for every four or five 
inhabitants; competition with the 
backyard well no longer exists in most 
localities where a public water supply 
is available. It should be noted, how- 
ever, that even now many new sub- 
urban subdivisions depend upon indi- 
vidual wells and cesspools. There are 
265,000 people in the Chicago area 
alone who do not use water from a 
public supply. 

In 1897, a tabulation of water works 
with respect to ownership (1) showed 
that of the 716 water works in Illinois, 
Indiana, Iowa, and Ohio, 149 were 
privately and 567 municipally oper- 
ated. This ratio of approximately 20 
per cent private to 80 per cent public 
ownership was probably indicative, 
with some variations, of the ratio 
throughout the country. In 1924, 
5,077 plants of a total of 7,651 were 
municipally owned; that is, approxi- 
mately 70 per cent (2) 

Sometimes a plant was built by a 
city and later acquired by a private 
company ; Peoria, IIl., is an interesting 
example. The Peoria plant, built in 
1866 by the city, took water from the 
Illinois River. In 1889 the city plant 
was sold to a private company. Peoria 
is still served by a private company, 
which abaudoned the Illinois River as 
a source of supply and developed a 
shallow ground water supply. 


Plant Financing 

Originally, municipal plants had to 
be financed by general obligation 
bonds ; expansion was therefore some- 
times difficult or impossible. Approx- 
imately 25 years ago, most states en- 
acted legislation authorizing revenue 
bond-type financing, in which the 
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bonds were a lien only on the water 
works property and its revenue, with 
the cities pledging to provide the 
money necessary to pay the interest 
and amortization on the bonds. This 
type of financing has been highly suc- 
cessful, with the result that for the 
past several decades municipalities 
have expanded their water systems 
at a much more rapid rate than the 
private companies. For example, a 
comparative study made of invest- 
ment growth in private and pub- 
lic plants from 1925 to 1945 showed 
that the municipal rate of investment 
in new plant was 2%4 times that of 
the private rate. In the next 10 years, 
from 1945 to 1955, the municipal wa- 
ter works’ percentage growth in in- 
vestment was four times that of pri- 
vate companies. As a result, the out- 
standing debt of municipal water 
works in 1955, expressed in dollars 
per capita served, was double what it 
was in 1945. In only six states are 
the financing and rates of munici- 
pal water works regulated by public 
service commissions. The private 
companies, largely because of their 
regulation by public utility commis- 
sions, have maintained a more level 
debt over the same period. 

Municipalities can issue revenue 
bonds for 100 per cent of their cost. 
These bonds are tax exempt and com- 
mand low interest rates. Utility com- 
missions usually limit private com- 
pany financing by bonds at about two- 
thirds of book cost, with an interest 
ated. This ratio of aproximately 20 
er than that for the tax-exempt 
municipals. 


Revenues and Costs 

In 1910, the author compiled the 
statistics of more than 100 water 
works plants to ascertain the range in 
per capita revenues and investment 
costs. As of 1910, 102 plants for which 
statistics were available had an aver- 
age revenue per capita of $2.62. A 
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The lettered points represent data plotted 
from: A, Baker's Manual (1); B, Alvord 
and Burdick; C, author's analysis of 100 
plants; D, Seidel and Baumann (3). 


1955 statistical analysis of water 
works data (3) showed a revenue 
averaging $10.65 per capita for pub- 
lic plants and $12.16 per capita for 
private plants, with a weighted aver- 
age of approximately $11.00 per cap- 
ita, or slightly more than 400 per 
cent of the per capita revenue of 1910. 

The late Edward Bartow, address- 
ing the first meeting of the Illinois 
Water Supply Association of 1909, 
when he was the Secretary of the 
Illinois Section, stated: 


A conservative estimate of the value 
of the water works plants of the state out- 
side of Chicago indicates that upwards ot 
$15,600,000 is invested. Not only is a con- 
siderable sum of money involved but also 
the health and welfare of a large proportion 
of the inhabitants. In the towns outside 
of Chicago that are supplied by water 
works, there are 1,129,000 people. This rep- 
resents an investment of $13.85 for each 
person, 


This estimate is probably too con- 
servative, for at the same time, the city 
of Chicago, then serving 2,300,000 
people, had invested about $56,000,- 
000 in its water works, the equivalent 
of $24 per capita. 

The Alvord and Burdick study 
made in 1910 showed that the weight- 
ed average investment in 102 water 
works was $25.20 per capita. The 
Seidel-Baumann study of 1955 data 
showed an average book value of pub- 
lic plants of $82, private plants $68, 
or a weighted average of approxi- 
mately $80 per capita, a figure 34% 
times that of 1910. Also shown was 
that the book value of public plants 
had increased $30 per capita in the 
period 1945-55, whereas the book 
value of private plants had increased 
only $8 per capita. This 4:1 ratio of 
investment growth of publicly as com- 
pared to privately owned water works 
is believed to be largely because of the 
reluctance of regulatory commissions 
to recognize changing economic con- 
ditions when determining rate base 
and rates. 

Figure 2 shows the per capita reve- 
nues and book costs of water works 
from 1896 to 1958. Although the data 
plotted are not from the same plants, 
and therefore may not be strictly com- 
parable, they nevertheless indicate that 
the accumulated book cost of water 
works has grown 300 per cent during 
this 62-year period and that the reve- 
nues have increased from $2 to $11 
per capita, a gain of 450 per cent. 
The present-day average cost of pro- 
viding water works facilities is at least 
$250 per capita. Figure 2 also indi- 
cates that revenues and book costs 





Table 1 


Approximate Costs of Water Works 
in United States 








Investment $1,000,000 
per Capita Total 
$ Investmants 


20.00 450 
25.20 960 
32.00 1600 
55.00 4,950 
100.00 12,000 


Population 
Served 
1,000,000 


22.7 
38.0 
50.0 
90.0 
120.0 


Year 





1896 
1910 
1920 
1946 ‘ 
1958 





followed nearly parallel courses from 
1896 to 1940, but that after 1940, rev- 
enues per consumer increased at a 
faster rate. This should not be inter- 
preted, however, to mean that water 
works are in better financial condition 
now than they were in 1940. Ade- 
quate water works revenues must be 
sufficient to cover both fixed charges 
on capital costs and operating and 
maintenance costs, including depreci- 
ation. During the 10-year period 
1945-55, the unit operation and main- 
tenance costs of water works, both 
municipally and privately owned, have 
increased more than 75 per cent. The 
percentage increase in total operating 
cost has been materially greater. Dur- 
ing this period the book value per 
capita has increased only about 45 
per cent, although the dollars invested 
have increased 100 per cent. This 
difference illustrates the lag resulting 
from the use of accumulated original 
cost rather than present-day cost. It 
is also an example of long-time water 
consumers paying a large part of the 
cost of furnishing water to new con- 
sumers. 


Expansion 

The growth in the number of water 
works systems in the United States 
in the past 160 years, shown in Fig. 3, 
indicates that one-half the total of 
18,000 water works serving the public 
were built in the last 30 years. Be- 
cause of the rapid expansion in urban 
growth, the population served, now 
totaling approximately 120,000,000 
people, has also doubled in the past 
30 years. It is apparent from the 
foregoing that at least one-half the 
water works of this country have been 
built during a period of unprecedent- 
ed inflation. 

Table 1 shows the approximate 
costs of water works for varying pe- 
riods. The incremental per capita 
costs during the several periods, 
shown in Table 2, are even more 
important. 

Of the total investment in public 


water supplies at the present time— 
about twelve billion dollars—six bil- 
lions have been expended in the last 
10 years. In other words, there has 
been as much money spent for water 
works in this country in the last 10 
years as in the prior 150 years. Un- 
fortunately, because of inflation the 
number of facilities built are not in 
proportion to the amount of money 
spent. In fact, the money expended 
during the past 10 years bought less 
than 20 per cent as many facilities 
as could have been purchased in the 
period 1890-1930, and only about 10 
per cent as many as could have been 
purchased prior to 1900. Seventy-five 
per cent of all the money invested in 
water works in the United States has 
been expended since 1943—that is, 
three times as much money has been 
invested in water works construction 
in the United States in the last 15 
years as in the preceding 140 years 
put together. At least three times as 
much per capita must now be invest- 
ed annually for water works construc- 
tion as was expended in the period 
1925-45, if we are just to keep up 
with the expansion during this period, 
half of which was during an economic 
depression and half during war years 
with restricted construction. When 
corrected for the increase in popula- 
tion served, this needed investment 
exceeds four times the 1925-45 rate, 
and that was in a period during which 
a backlog of deficiency was accumu- 
lating. 


Fair Value 

Water works are subject to the same 
economic laws as nonutility industries, 
and if they are to survive under pri- 
vate enterprise, they must be allowed 
to earn their fair value. In the Na- 
tional City Water Works case in 1897, 
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Table 2 


Incremental Costs of Water Works 
in United States 








New 

Invest- Population Per Capita 

ments Growth Investment 
$1,000,000 1,000,000 


450 22.7 
510 15.3 
640 12.0 
3,350 40.0 
7,050 30.0 


Period 





Prior to 1896 
1896-1910 
1910-20 
1920-46 
1946-55 

1959 





the court first enunciated the princi- 
ple of public utility evaluation: cost 
of reproduction less depreciation is 
the measure of fair value. That in 
general continued to be the precedent 
followed by the courts for the next 
four or five decades. During that 
time, following the inflationary ef- 
fects of World War I, the U.S. Su- 
preme Court, in cases such as Blue- 
field Water Works, Southwest Bell 
Telephone Co., and Indianapolis Wa- 
ter Co., reaffirmed the principle that 
original cost was not fair value, and 
that major consideration in determin- 
ing fair value must be given to cost 
of reproduction less depreciation. 

In the Hope Natural Gas case, 
which came to a hearing and reached 
the Supreme Court during World 
War II, the company’s operations 
were surroundeu by a unique statisti- 
cal financial position. In its Hope 
opinion, the Supreme Court adopted 
a rate base that was original cost. The 
rate base fixed by utility commissions 
at the present time varies from origi- 
nal cost less the book reserve to cost 
of reproduction less accrued deprecia- 
tion. The utility commissions in IIli- 
nois and Indiana have made decisions 
that reflect a consideration of repro- 
duction cost, which the courts in those 
states have stated as necessary to con- 
form to the statutory provision that 
fair value be the rate base. 


Other Revenues and Costs 

World War I resulted in violent 
changes in world economics that were 
reflected directly in construction costs. 
Labor costs rose sharply. Construc- 
tion costs do not reflect the entire in- 
crease in labor costs because of 
increased mechanization in the manu- 
facture of materials and their instal- 
lation. Various construction cost in- 
dexes have been widely used, and 
some of them, such as the Engineering 
News-Record (ENR) Construction 
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Cost Index, the ENR Building Cost 
Index, and the Handy Whitman In- 
dex, have proved reliable. Probably 
the best single index indicating the 
change in overall costs affecting en- 
tire water works systems is the ENR 
Construction Cost Index. 

In Fig. 4, the ENR Construction 
Cost Index is shown for the period 
1913-59, with 1913 as the base year 
(equals 100 per cent). Two other 
curves have been drawn, representing 
the per capita revenue and the cumu- 
lative book cost of water works, both 
as related to 1913 equals 100. The 
graph indicates that although con- 
struction costs now are at a level of 
about 71% times greater than that of 
1913, water works revenues have in- 
creased only about 415 per cent, and 
the accumulated original cost of water 
works only about 315 per cent. The 
discrepancy between the accumulated 
book cost figure of 315 and the cost 
of reproduction at current prices of 
about 765 is basically because of fixed 
rates and resulting revenues for water 
works service at the present time. So 
far as is known to the author, the 
Ohio Commission is the only state 
regulatory body that is required by 
statute to base rates on the cost of 
reproduction less accrued deprecia- 
tion. Some states adhere strictly to 
a rate base arrived at by taking the 
cumulative original cost less the de- 
preciation reserve. Such a rate base 
is at the present time usually less than 
half of what it would be if cost of re- 
production less depreciation were 
adopted. 

In general, water works subject to 
regulation do not ask for an increase 
in rates based on full costs of repro- 
duction less depreciation. This would 
require an increase so large that such 
requests are generally considered inex- 
pedient. Eventually, privately owned 
water companies must secure more 
realistic rates based upon a greater 
consideration of cost of reproduction 
if they are to compete with other in- 
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Fig. 4. Relationship of ENR Construction Cost 
Index, per Capita Revenue, and per 
Capita Book Cost 
Curve A represents ENR Construction Cost 
Index; B, per capita water works revenue ; 
C, per capita water works book cost. The 
data were plotted from annual averages. 


dustries, whose sales are unregulated 
except by competitive conditions, and 
whose depreciation charges and, in 
large measure, fixed charges are based 
upon current price levels. 

Recently in the author’s office a 
comparison was made of about twenty 
water works valuations in which the 
original cost of the property and the 
cost of reproduction were determined. 
The cost of reproduction of these 
plants varies from 175 per cent to 250 
per cent of the original cost less the 
reserve. The individual variations are 
largely a reflection of the amount of 
construction during high-cost levels. 
In general, the more rapidly that 
plants have expanded in recent years, 
the less is the percentage relationship 
between cost of reproduction less 
depreciation and original cost less the 
reserve. 

It is interesting to note that in de- 
termining the prices at which the ac- 
tual transfers of water works proper- 


ties from private to public ownership 
are being made, the cost of reproduc- 
tion less depreciation is the dominant 
consideration. With three properties, 
the transfer of which the author par- 
ticipated during the past year or two 
the average relationship of the pur- 
chase price to the original cost less the 
reserve was 173 per cent, and all three 
figures were within 5 per cent of this 
average. Two oi these properties have 
grown very rapidly since World War 
II. This evidence of transfer or mar- 
ket value is further proof of the 
inadequate consideration frequently 
given by regulatory commissions to 
the cost of reproduction. 

Of course, a city that floats tax- 
exempt revenue bonds for 100 per 
cent of its water works acquisition 
can afford to pay a price higher than 
the book cost (which in many cases 
has been the rate base), because the 
private utility must pay approximate- 
ly half of its net earnings after fixed 
charges for federal income taxes, as 
well as pay substantial amounts for 
local taxes. 


Conclusion 

The construction of adequate water 
works facilities is far from completed. 
The magnitude of expenditures is de- 
clining. Facilities, not dollars, provide 
water service, and it now takes ten 
times as many dollars to provide fa- 
cilities as it did at the beginning of 
the period under consideration. Ade- 
quate rates are essential to adequate 
service ; therefore, realistic considera- 
tion must be given to changing costs 
if high standards of service are to be 
maintained, 
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Service Charges 


for Sanitary Sewers 


by C. H. HOPER 


C. H. Hoper & Co., Utility Engineers, Denver, Colo. 


® SANITARY SEWER SERVICE 
CHARGES are not a new method 
of obtaining revenue. Brockton, 
Mass. adopted an ordinance pro- 
viding for such charges in 1894, but 
only recently has there been a wide- 
spread adoption of this method. 

Why have cities been adopting 
these charges? A number of reasons 
can be given. 

Cities generally are starved for 
ad valorem tax revenues as a direct 
result of the inflation since World 
War II. Costs of everything that 
cities have to buy have skyrocketed 
and then compounding this effect 
has been the desire and need for ad- 
ditional services. Providing for and 
handling additional traffic and com- 
prehensive recreation programs may 
be cited as a few of these services. 
Schools are largely limited to prop- 
erty taxes. Comparisons of school 
vs. city levies in most cities reveal 
that schools have taken over this 
source of revenue for their operating 
and expansion needs. Cities as a re- 
sult have had to examine other 
sources of revenue to meet their 
requirements. 

Perhaps the most important factor 
in promoting the adoption of sewer 


service charges or rates is the need 
for additions or improvements to 
sewage treatment plants. The Amer- 
ican people have become increasingly 
conscious of the pollution, particu- 
larly of our surface waters. Great 
strides have been made since the 
adoption of the Federal Water Pol- 
lution Control law with which you 
are all familiar. Even with Federal 
assistance the major cost of addi- 
tions and improvements to treat- 
ment plants must be borne by cities. 
The cost of installing the sanitary 
sewer collection systems is largely 
met from special assessments or 
directly by subdivision developers. 
Operating costs of simple collection 
systems in many cases are sufficiently 
low so that such costs are not usually 
much of a problem. This is not true, 
however, when considering the out- 
fall and treatment facilities, costs of 
which are difficult to handle either 
from ad valorem taxes or from 
special assessments. 

In many states there are limits on 
the amount of general obligation 
bonds a city may issue. If sewer 
treatment plants are financed from 
general obligation bonds, other vital 
needs of the city may not be met. 


Because of the limitations in the is- 
suance of general obligation bonds 
and in the practical inability to 
secure enough tax revenue to retire 
them, cities rather logically have 
turned to revenue bonds as a means 
of financing these treatment plant 
additions or improvements. Revenue 
bonds in turn normally result in 
sewer service charges. 

Another factor in the movement 
toward sewer service charges has 
been the population expansion which 
has been occurring quite generally in 
our cities. This expansion has neces- 
sitated not only sewage treatment 
facilities but in many instances new 
trunks, relief sewers and outfall lines, 
all of which involve financing prob- 
lems. 

Another factor perhaps in the 
adoption of sewer service charges is 
the increasing recognition that sani- 
tary service is in essentially the same 
category as water service or the 
services rendered by other utilities. 

It may be of interest to learn how 
widespread the adoption of sewer 
charges has become. Table XIII in 
the 1958 Municipal Year Book issued 
by The International City Manager’s 
Association is a convenient source for 
this information. The information in 
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Table 1 has been taken from this 
publication and shows the number 
of cities in various population groups 
which finance their sewers and dis- 
posal plants by means of revenue 
bonds and special revenue funds as 
compared with the total cities re- 
porting. It is assumed the special 
revenue funds are derived principally 
from sewer service charges. 

It will be noted that excepting for 
the largest cities, 26 per cent of those 
cities reporting financed their sewer 
systems by “special revenue funds”. 


Factors Affecting Charges 


No schedule of sewer service 
charges fit all cities. There are many 
factors which must be considered in 
establishing the correct basis of 
charges or schedule or rates. It is dif- 
ficult to find the same identical con- 
ditions existing in two cities. 

First of all, the capital costs of 
sanitary sewer facilities vary greatly. 
Some collection systems involve con- 
siderable pumping by lift stations. In 
others, sewage flow is entirely by 
gravity. In some cities, storm and 
sanitary sewage are combined. Out- 
fall facilities differ widely. Perhaps 
the biggest difference between sewer 
systems, other than where sanitary 
and storm sewers are combined, lies 
in the treatment facilities. Costs and 
their distribution to users vary with 
the character and extent of treat- 
ment. This treatment may consist of 
lagoons which are ideal in some 
circumstances, primary treatment, 
and the various units designed to 
result in so-called complete treat- 
ment. Plants vary as to the amount 
of pumpage involved and costs are 
different where sludge filters are 
used rather than digestion tanks. 
Sewer service charges should be 
evolved to reflect these different capi- 
tal costs. 

Operation and maintenance costs 
vary with each of the types of sys- 
tems mentioned. Some cities, par- 
ticularly in the drier areas to the 
west, have serious tree root problems 
resulting in wide variations in sewer 
cleaning costs. All of these costs 
should be spread equitably between 
the users and this can be accom- 
plished by conventional allocation 
methods. 

An important factor bearing on 
sewer service rates is whether or 
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TABLE | 
CITY FINANCING, SIZE VS. TOTAL REPORTING 


Size of City 


Financing by 
Rev. Bonds 
& Spec. 
Rev. Funds Per Cent 


Number 
Reporting 





Over 1,000,000 
50u,000- | 000,000 
250,000-500,000 
100,000-250,000 
50,000-100,000 
25,000-50,000 
10,000-25,000 


0 0 
| 14,3 
4 25.0 
6 23.1 
18 30.5 
28 25.0 
62 26.3 





not the sanitary sewer and water 
systems are under the same man- 
agement. This bears not only upon 
the costs of administration and bill- 
ing, but also on the collection of ac- 
counts. Still another factor which 
is used by some cities to advantage 
where revenue bonds are issued is 
the cross-pledging of water and sew- 
er revenues. This may operate to 
reduce debt service coverage (to be 
discussed later) and thus perhaps 
permit a lower level of combined 
charges. 

Sewer service charges are often 
determined by whether or not water 
service is billed on a flat or metered 
basis. There are many who feel that 
flat rates for water service are evi- 
dence of a backward community. 
However, there are cases where flat 
rates are not only permissible but 
desirable. Considerable space could 
be used discussing this item, but it 
is really outside the scope of this 
paper. Flat water rates, however, 
are in effect and are naturally re- 
flected in the establishment of sewer 
service charges. 

Sanitary sewer systems are fi- 
nanced from general obligation 
bonds, revenue bonds, special assess- 
ments, current funds, or by grants- 
in-aid. There are cities where sani- 
tary sewer collection systems have 
been financed from sewer service 
charges. These charges would natur- 
ally be quite different than cities 
where these costs are paid from spe- 
cial assessments or from ad valorem 
taxes, either directly or by means 
of general obligation bonds. 

At this point it might be desirable 
to discuss briefly the point of view 
expressed in the literature to the ef- 
fect that “non-users” should bear 
their fair share of the costs of a sani- 
tary sewer system. It is no doubt 
equitable to charge these non-users 


via special assessments for construc- 
tion of sanitary sewer facilities, nor- 
mally the collection system. For rea- 
sons already stated, it is perhaps 
wishful thinking in most cases to 
desire to assess costs to non-users 
via the ad valorem tax route. 

Another factor bearing upon the 
particular service charges established 
is the policy toward extension of 
service to users beyond the city’s 
corporate limits. Some cities extend 
sanitary sewer service in an effort to 
protect the health of their own citi- 
zens. There are a number of theories 
upon which these out-of-city charges 
can be based. Perhaps the most com- 
monly accepted one is that of calcu- 
lating costs on a utility basis under 
which full consideration is given to 
the cost of the facilities used or use- 
ful in providing service to these out- 
of-city customers to include full oper- 
ating, maintenance and depreciation 
costs, plus interest costs on money 
invested. Some cities go so far as to 
collect a profit, which is a policy mat- 
ter. 

Unless sewer service charges are 
evolved solely from the standpoint of 
raising a certain amount of revenue, 
all of the foregoing factors should 
be taken into consideration and re- 
flected in these charges. It is appar- 
ent, for instance that the matter of 
sewer service charges cannot be iso- 
lated from the policy of extension of 
mains and facilities to new users. 
Connection charges are coming to be 
more widely used in water systems 
and could also be employed in meet- 
ing improvement or enlargement 
costs of sanitary sewer facilities. It 
may be considered a matter of policy 
whether present users of sewage 
service should be called upon for in- 
creased rates traceable directly to the 
extending of service to additional 
users. Cities could with propriety 





ask for a connection charge addi- 
tional to the cost of the installation of 
the extension of the collection system 
which would defray the cost of addi- 
tional trunk sewers and disposal fa- 
cilities. Such connection charges, 
however, cannot well be relied upon 
to meet debt service requirements. 


Sewer service charges are but a 
part of the overall financial program. 
The program should first be evolved 
and then sewer charges established to 
fit that program, anticipating costs 
for a reasonable future period. It 
can be safely stated that the general 
public is not usually happy where 
charges, such as sewer service 
charges, are amended every year or 
two. If revenue bonds are involved, 
it is quite essential that future antici- 
pated costs be most carefully con- 
sidered. 


Rate Structures 


The ideal rate structure can be 
considered as the one which spreads 
all costs fairly between users, both 
as to the small and the large user, 
and which also takes into considera- 
tion the character of use. Proper 
rates take into consideration extra 
costs incurred through the handling 
of unusual sewage. 

The two principal service charge 
categories are flat and metered. 
Where the individual user of sewage 
service is furnished water on a flat 
rate basis or water meter readings 
are not available. Such as in the 
case of separately managed systems, 
billing for sewer service charges must 
be made on a flat rate basis. Or- 
dinarily where flat water rates are 
employed, they extend only to resi- 
dential users. Where water meters 
are installed, sewer rates should be 
based upon metered water use, es- 
pecially where the water and sewer 
departments are under the same ad- 
ministration. 


Where flat rates are employed, 
they may be applied uniformly, they 
may be based upon inspections and 
counts of connections and fixtures, 
they may vary with the property 
served, or they can be predicted upon 
the size of water tap. A per family 
basis has been used for many years in 
determining sanitary sewer charges 
where water is billed on flat rate 
schedules. This basis has been found 
much simpler to establish and enforce 
and has eliminated the cost of expen- 


sive surveys to determine fixture 
counts. Rates should be as simple as 
possible and yet achieve the desired 
end results. Even where residential 
flat rates for water service are em- 
ployed, water meters are usually 
available for determination of use by 
commercial and industrial users. 

Metered rates for sewage service 
should normally be based upon water 
usage. Sewer meters are often in- 
stalled for measuring sanitary sewage 
from the larger users and are partic- 
ularly necessary in measuring sew- 
erage generated, say, by a suburban 
area where individual water billing 
data are not available. 


Normally metered rates can either 
be based upon the water meter size, 
be computed as a percentage of water 
bills or a separate schedule of use be 
established. Basing charges upon the 
water meter size may be quite fal- 
lacious where water pressures vary 
widely, particularly as they do in hil- 
ly cities. If sewer rates are tied to 
water bills, it would be a coincidence 
if costs are apportioned fairly be- 
tween all users of water and sewage 
service. If it is desired to spread these 
costs fairly, it can perhaps best be 
done by a separate schedule of rates. 


Basing sewer service charges on 
water use over each month of the 
year may create an appreciable prob- 
lem in areas where considerable lawn 
sprinkling is done. In instances it 
may be necessary to determine an an- 
nual sewer service cost based upon 
water use during periods of the year 
when no sprinkling is done. 


Provision must be made in any 
schedule of rates for sanitary sewer 
service for those users which obtain 
all or part of their water supply from 
private wells or other sources. It is 
necessary in these instances to meas- 
ure this water either regularly by 
separate meter or by periodic check 
to determine the proper sewer charg- 
es. Provisions should also be made 
for those cases where metered water 
is used directly in manufacturing 
process or is discharged to other 
than the sanitary sewer system. It 
could be considered a matter of city 
policy whether or not charges should 
be made for the use of the storm sew- 
ers when such water is discharged 
to them. 


A problem in rate mechanics is 
sometimes incurred where revenue 
bonds are issued and where little need 
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exists for year to year expenditures 
for capital additions and improve- 
ments. Revenue bond buyers look 
for what is termed “debt service 
coverage”. After all normal operating 
and maintenance costs have been met, 
for safety’s sake there should be an 
excess remaining to meet bond inter- 
est and retirement requirements. If 
this excess is 50 percent, the debt 
service coverage is 150 percent. The 
excess may be used for capital addi- 
tions on a pay-as-you-go basis or may 
be used to retire additional bonds. 
The reference to bonds is related en- 
tirely to serial bonds with overall 
terms well within the expected life of 
the improvements financed. 


Industrial Wastes 


There are a number of methods 
under which a city can equitably han- 
dle wastes other than sanitary sew- 
age. Some special users may be pe- 
riodically discharging volumes of 
waste water which tax the capacity of 
the collection system. Rather than 
exact higher rates from these users, 
they could be required to provide the 
necessary equalizing storage. This 
requirement for storage could be in- 
cluded in the city’s ordinance provi- 
sions. 

Other users may discharge mate- 
rials such as plating wastes, paunch 
refuse from packing plants, hair, 
chicken feathers, or wastes which are 
either strongly acid or alkaline, etc. 
The city could require that all sub- 
stances deleterious to its sewer sys- 
tem be removed from the sewage 
prior to discharge to the system. 

Various industries may discharge 
wastes which are not deleterious in 
the sense already mentioned but 
which involve additional treatment 
costs. The reference is to sewage of 
higher than normal BOD and/or 
settleable solids. There have been a 
number of formulae adopted to re- 
flect additional charges for sewer 
service involving such wastes. No 
formulae are presented here because 
these costs would vary with the par- 
ticular type and degree of treatment 
involved. Any schedule of sewer serv- 
ice charges should provide for the 
computation of additional costs pre- 
dicated upon the actual costs of the 
system as to capital, operation, and 
maintenance. No credit should be 
allowed where plain water is dumped 
into the sanitary sewer system since 


W.&S.W.—REFERENCE NUMBER—1960 





R-18 


this problem is normally solved by 
proper water rates. 

Periodic surveys and appropriate 
tests are required to administer prop- 
erly to sewer discharges of deleteri- 
ous materials and charging for extra 
strength sewage. 


Billing and Collection 


No discussion of sanitary sewer 
charges would be complete without 
at least mentioning billing procedures 
and collection charges. Billing for 
sewage service should, if possible, be 
combined with water billing and both 
collected as a single unit. Collection 
is customarily enforced by turning 
off the water service. Where statutes 
permit, unpaid bills may be levied 
against the property affected. 


Conclusions 

The establishment of sanitary sew- 
er service charges has quite naturally 
resulted from revenue problems all 
cities are facing, coupled with in- 
creasing health standards necessitat- 
ing adequate sewage treatment. As 
is evidient from the many varying 
factors in different cities and sewer 
systems, there is no simple rate 
schedule which can be adopted in 
every instance. Unless sewer service 
charges are evolved purely to raise 
needed revenues, these charges 


should reflect actual costs and these 
costs should be spread equitably be- 
tween all users. Flat rates may be 
necessary in some instances but 
generally where water meters are 
employed these meter readings 
should be used for basing rates on 
water consumption. Regulations 
should be adopted preventing the 
discharge of deleterious substances 
to the sewer system and surcharges 
should be made to defray the addi- 
tional costs of extra strength sewage. 
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Public Relations for a Modern Utility* 


he term public utility is almost 
synonymous with the term public 
relations. No utility management can 
choose whether or not it will have 
public relations; it can only decide 
how good it wants its public relations 
to be. Really good public relations 
cannot be easily realized, because it is 
not an easy job. It takes determina- 
tion, thought, and a lot of work on 
the part of a lot of people to achieve 
good public relations. Everyone in the 
public utility field can do much to 
determine at what point in the wide 
range between bad and good public 
relations his own operation will fall. 
The author remembers a remark 
made at a meeting of the California 
Section several years ago by Philip F. 
Walsh, vice-president of the South- 
ern California Water Co., Los An- 
geles; it was, in effect, “Good public 
relations can be achieved primarily 
by rendering good service.” There is 
no doubt about the truth of this state- 
ment. Certainly, a good public rela- 
tions program for any business, par- 
ticularly a public utility, must be 
based upon rendering good service. 
The best public relations program 
would probably fail if the service of 
a utility were inadequate. Even with 
a high level of service, however, be- 
cause of the many complications and 
ramifications of running a modern, 
up-to-date business, there are many 
ways in which the effect of good serv- 
ice can be implemented in order to 
achieve the highest level of public re- 
lations. This is probably just another 
way of saying that good service in it- 
self will not receive all of the recog- 
nition that it deserves. The author 
agrees with Philip F. Walsh when he 
said that good service is essential to 
good public relations, but wishes to 
add to this that management can profit 
greatly by a full exploration of the 
entire problem of making good serv- 
ice really pay off. 


Customer Reactions 

Most utility managements will hear 
from the customers in the event of 
exceptionally good or bad service. A 


*Reprinted from JAWWA, Vol. 51, No. 
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letter of criticism received at the au- 
thor’s office reads: 


It is apparent that a new low in public re- 
lations has been established by the EBMUD 
(East Bay Municipal Utility District) in 
connection with the increase in pressure in 
a certain area of the distribution system. 
This is not just my own opinion but is that 
of a considerable number of people who 
have expressed themselves in no uncertain 
terms. 


Some of the questions which have been 
raised are as follows: 

1. Why was the notice of the proposed 
increase in pressure hung on the doorknobs 
where such matter is frequently ignored? 

2. Why was there no explanation of the 
necessity for the change? 

3. Why was there no explanation of the 
difficulties which might arise? 

4. Why was it left to each householder to 
determine whether or not it was advisable 
to consult a plumber? 

5. Why could not 
have been installed? 

I trust that this commmunication may 
receive your personal attention and not be 
sidetracked by some subordinate who is 
assigned the duty of opening your mail. 

Another letter of criticism read: 

The following circumstances are here- 
with reported for your individual attention. 

First, that you may have a better under- 
standing, let me state that when up and 
about | normally wear a hearing aid and, 
further, am at the present under the care 
of a physician under whose orders I am 
given a medium sedative every night at 
bedtime. 


Last night we retired as usual about 10 
pM after my sedation and laying aside the 
hearing aid. Some time shortly after 11 pm 
the hot-water tank safety valve lifted with 
sufficient force to waken us both, with se- 
vere rattling throughout the water piping 
of the whole house. Inspection showed the 
exhaust pipe from the valve flowing full 
and the gas flame, in response to the induc- 
tion of cold water, also running full. After 
several unsuccessful attempts to reach list- 
ed numbers in the phone book I was con- 
nected with your office and a very surly 
operator, who interrupted my explanation 
about halfway with: “Nothing can be done 
tonight, call in the morning,” to which I 
replied: “This is an emergency. What 
shall I do?” The reply was: “Shut off 
the main valve in front of your house.” At 
this point I lost my temper, which for my 
own physical good is not the best. For this 
I am duly penitent and apologize pro- 
fusely. 

Finally in desperation I stated the situ- 
ation to the police, asking for advice. They 
switched me to the Fire Department, who 
immediately dispatched the nearest truck, 
the man in charge of which carefully in- 
spected the installation, shut off the water 
and the gas, and advised me that there was 
absolutely nothing wrong with the installa- 
tion, the condition being cause by excess 
pressure. ... 

In view of all the circumstances, I wish 
to advise you: 

1. [ request you install a suitable pres- 
sure control valve at the proper point in 


pressure regulators 


your distribution system. 

2. Knowing that No. 1 will not be com- 
plied with, 1 wish to advise you that any 
damage to my water installation or prop- 
erty will be entirely your responsibility. 


Customers also write to compliment 
a utility when they receive good serv- 
ice from it. One such message to the 
East Bay Municipal Utility District 
(EBMUD) read: 


Tov few persons ever take time out to 
voice their appreciation of your fine service 
and product. 

Having just returned from a visit to Chi- 
cago, I can sincerely say that the quality 
of our water is one of the many things 
which make our glorious state and commu- 
nity a more desirable place in which to 
live. 

Another complimentary message 
received by the author's office read: 


A crew of young men have just finished 
installing a new line over my property. 

I feel | would be very remiss if I failed 
to express to you my appreciation of the 
courtesy and helpfulness of all of the men 
engaged in the work. Everything possible 
was done to avoid inconveniencing us from 
the start to the finish of the work. I hope 
you will be kind enough to pass along this 
commendation. 


All utility managers would like to 
receive more of the latter type of 
letter than the former. A utility’s mail 
will probably never include more let- 
ters of commendation than letters of 
complaint, All utility managers, how- 
ever, can do many things to reduce 
the volume of complaints and, equal- 
ly important, each utility can put it- 
self in a position where the handling 
of complaints is easier because of a 
conditioned and more sympathetic 
public. 

The discussion of good public rela- 
tions in this article is basically a reci- 
tation of the thinking and program of 
the EBMUD in this field. All util- 
ity managers are naturally most fa- 
miliar with their own operations. In 
this case, the author feels that the 
EBMUD program is_ thoroughly 
based upon sound, accepted practice 
of the best techniques in the field, 
and therefore it represents what one 
organization is doing to follow a good 
and recognized program. For that 
reason the EBMUD program should 
serve as an acceptable case history 
for any utility manager who wishes 
to concentrate on the problem. 

The EBMUD program is based on 
several major foundations: 
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. A corporate personality 

2. Employee public relations 

3. Communication with the public 
. Special techniques. 


Corporate Personality 

An ideal objective would be 
achieved if a utility could establish 
in the minds of all of its customers 
an image of an organization that is 
both efficient and friendly. To achieve 
this requires a great deal of advance 
planning and effort. A vast segment 
of the public hardly recognizes the 
existence of the utilities serving it. 
All too often the first sharp realiza- 
tion of a water utility's existence 
comes during a crisis of some kind 
during which the corporate image es- 
tablished is quite likely to be an un- 
pleasant one. When a crisis develops, 
it is too late to think about good pub- 
lic relations. If good public relations 
have been established in advance, 
then quite often a crisis can be worked 
out with a minimum of unpleasant 
reaction. Therefore, it is important to 
build a corporate personality as an 
image in the public’s mind. The “man 
in the street” must gain the impres- 
sion that the utility is a group of 
people serving him, and not just steel 
and concrete installations. This image 
of a definite personality must be im- 
planted in the public mind to assure 
understanding, cooperation, and sup- 
port, both in good times and in times 
of stress. All effort should be directed 
toward an image of the utility as: 
[1] the distributor of a safe, supe- 
rior product at the lowest possible 
cost and under conditions of prompt 
service; [2] a reliable custodian of 
public funds, responsible to and 
owned by the customer, and directed 
by an efficient, public-spirited man- 
agement; and [3] an integral unit of 
the community to be regarded as 
neighborly, approachable, and con- 
scious of human values as well as 
dollars, and making a positive contri- 
bution to the community’s economy, 
health, safety, and welfare. 

There are several ways in which 
this corporate image can be estab- 
lished : 

1. Courtesy. Courtesy practiced at 
every point of contact is one of the 
most effective methods of personaliz- 
ing an organization. All employees, 
through the media of memoranda and 
conferences, should be encouraged to 
make courtesy a way of life. 

2: Participation. Participation in 
community organizations will develop 
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in all phases of civic life. 
should be encouraged to 
participate individually and the or- 
ganization itself should participate 
wherever possible in key community 
activities. 

3. Public speaking. Public speak- 
ing engagements should be encour- 
aged in order to reach broad cross- 
sections of the public. Members of a 
water utility organization are always 
in demand to help fill out the pro- 
grams of many organizations and 
service clubs. 

4. Personal letters. Personal let- 
ters of congratulation to public offi- 
cials, and to any individuals render- 
ing special service to the community, 
are always flattering and well re- 
ceived. 

5. Publicity. Advertising, forms, 
letters, structures, signs, and -rchi- 
tecture should be designed to estab- 
lish a definite favorable corporate 
personality. 

Employee Public Relations 

The importance of employees in a 
public relations program is not a new 
development. This place of public 
relations has not received very much 
attention, however, and examining it 
might give a utility management a 
more compelling motivation in the 
fields of high employee relations and 
public relations. 

All utility personnel in management 
positions recognize the importance of 
good employee relations. Manage- 
ment is continually trying to discover 
methods of improved employee rela- 
tions and countless approaches have 
been made in this field. While read- 
ing in this general field some time ago 
the author encountered a thought- 
provoking theory: employee relations 
thrive best in a community where pub- 
lic relations are good. In other words, 
people like to work for an organiza- 
tion that is well thought of and well 
spoken of in the community and, con- 
versely, do not like to work for an 
organization that is in general dis- 
repute. This makes good sense and 
points toward a program that is in 
many ways more tangible than some 
of the results of other employee rela- 
tions and public relations research. 
It has a double appeal: if improved 
public relations will improve employee 
relations and if through its employees 
management can improve public rela- 
tions, then it would appear that man- 
agement might be able to develop a 
truly reciprocal movement in which 


the beneficial results should be greater 
than the effort expended. Therefore, 
it behooves management to consider 
its employees as one of the most im- 
portant tools for improving public 
relations. 

Too many utility managers fall into 
the error of “letting George do it” in 
the field of public relations. If a prob- 
lem exists someone is assigned to deal 
with it, or, in larger organizations, a 
public relations director is appointed. 
The management then expects its 
problems to be solved automatically. 
No arangement will fail sooner than 
this. One man, regardless of his abil- 
ity, cannot singlehandedly solve the 
public relations problems that beset a 
public utility. The real answer is to 
implement the work of the public rela- 
tions man by enlisting the coopera- 
tion of all of the other employees in 
the organization. If this is done man- 
agement will also gain further imple- 
mentation through these employees’ 
families and friends. In this way the 
public relations director can find him- 
self in possession of a veritable army 
to help work out his problem. 

In order to enlist their wholesale 
cooperation employees must be kept 
informed about major utility prob- 
lems so that they in turn can help 
keep the public informed. Keeping 
people informed is particularly diffi- 
cult in the field of public relations be- 
cause of certain mistaken concepts. 
Good public relations does not mean 
(as many would wish) that customer- 
ers’ wishes can always be granted and 
that everyone can always be made 
happy. A utility cannot always say 
“yes” to the customer; more often 
than not it must say “no.” This does 
not mean, however, that good public 
relations are impossible. People are 
instinctively suspicious of something 
they do not understand. If people can 
be informed — whether the news is 
good or bad—a big segment of the 
public relations battle can be won. 

Recently the author heard the pub- 
lic relations director of a large rail- 
road company illustrate this point. 
One of the worst problems in railroad 
operation is the terrible public reac- 
tion that occurs when there is a bad 
train wreck. In this public relations 
director’s company the practice had 
usually been to do everything possible 
to prevent publicity when a wreck oc- 
cured. This did not improve public 
relations. This company then tried a 
new technique: immediately after any 





disaster all of the facts were made 
known to the public. It is reported 
that the result was miraculous. With 
this approach the bad news was over 
with quickly and there was nothing 
more to talk about. The management 
could then proceed to settle its diffi- 
culties without the harrowing accom- 
paniment of public criticism. 

The implementation of a public re- 
lations program through employees of 
a utility can be carried out through 
the following steps: 

1. Management must be completely 
devoted to the program. A manage- 
ment public relations committee can 
be helpful. It is important that the en- 
tire organization be made to realize 
how strongly management feels on 
this subject and organizing a manage- 
ment committee can achieve this. 

2. The plan and objectives of the 
public relations programs must be 
made known to the widest possible 
group of employees, especially those 
who contact the public in their daily 
work. This can best be done through 
supervisory channels by holding em- 
ployee-management conferences. 

3. Employees should be specifically 
trained in certain fundamental courte- 
sies of business conduct, such as: cor- 
rect use of the telephone, writing neat 
and courteous business letters, mak- 
ing appointments when it is desirable 
and keeping them, handling complaints 
promptly and helpfully, and making 
difficult collections in as tactful and 
considerate a fashion as possible. 

4. Employees should be familiar to 
the greatest extent possible with the 
reasons behind policy and procedure. 
Referral to rules and regulations is 
not sufficient to support a position 
unless the reasons for such rules can 
be explained clearly. 

5. Employees should be informed 
promptly of changes in policy. The 
position of the employee as a public 
relations ambassador is greatly weak- 
ened if he does not learn of a change 
until after it is publicly known. 

6. Employees should be encour- 
aged to participate in community af- 
fairs, and social, church, and frater- 
nal activities. (This is also directly 
related to building a corporate per- 
sonality.) Such participation yields 
real benefits to the individual and the 
organization is also benefited. Fre- 
quently these contacts are the only 
direct contact between the utility or- 
yanization and a customer. In this 
process the employee is able to sam- 


ple public reaction directly and he 
may get more directly to the roots of 
opinion than a public opinion poll can. 


Communication 

A positive, two-way system of com- 
munication between a utility and its 
customers is one of the fundamentals 
of any comprehensive public relations 
program. It must accomplish two 
principal objectives: establish under- 
standing between the utility and its 
public and intercept criticisms of util- 
ity operation and act as a sounding 
board for suggestions for improving 
service. 

A standard communication ap- 
proach includes many continuing 
functions. Very good results have 
been obtained by the EBMUD from 
investment in these functions in the 
past and new techniques can be ap- 
plied wherever feasible to make them 
effective in the future. 

1. Press, radio and television. Per- 
sonal contacts with representatives of 
the press, radio, and television should 
be scheduled at least once a month. 
Even though no actual news stories 
result directly these personal contacts 
will be extremely important if it is 
necessary to ask the cooperation of 
these media. Press releases, in par- 
ticular, are useful. They are almost 
always accepted by the various news- 
papers if they are written and sub- 
mitted in such a way that they re- 
quire little or no rewriting. As an 
example of what may be achieved by 
cooperation with mass communica- 
tions media, the EBMUD a short 
time ago was featured on the “Suc- 
cess Story” television program of the 
Richfield Oil Corporation, Los An- 
geles (Fig. 1). Some people in the 
utility field may have felt in the past 
that water was a subject which would 
not attract much public attention. As 
finally presented, and with the proper 
direction and technique, the program 
turned out to be one of the most in- 
teresting of the series. 

2. Photographs. A complete file of 
photographs should be maintained, re- 
flecting the growth of the system. 

3. Truck posters. Every 60 days 
large posters are placed on service 

i t in the EBMUD area 
(Fig. 2). These posters always carry 
a message related in some way to the 
subject of water. 

4. Facility tours. Conducted tours 
of filter plants, pumping plants, reser- 
voirs, power plants, and other facili- 
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ties are extremely helpful in getting a 
message across to the public. There 
is no substitute for actually seeing the 
faciuties. 

5. Annual reports. An annual re- 
port is an accepted medium of com- 
munication for all public utilities. 
Much can be accomplished if the an- 
nual report is designed as a public 
relations brochure rather than an ex- 
haustive compilation of statistics and 
facts incomprehensible to the average 
layman. The annual report presents 
an opportunity to use the latest jour- 
nalistic techniques in the same way 
that private, competitive business 
would use them. 

6. Bill inserts. The most inexpen- 
sive way of getting any single thought 
across to the greatest number of cus- 
tomers is to include a message with 
the regular bill. The EBMUD calls 
these “‘bill inserts.” Every 60 days a 
new subject is, with the aid of a com- 
mercial artist, placed before each one 
of the district’s customers. These are 
constant reminders of the efforts of 
the EBMUD to do a good job for the 
public. As a result of research man- 
agement has concluded that the cus- 
tomers will react very favorably to 
more details about EBMUD person- 
nel as well as operations. 

7. School program. School chil- 
dren are the utility’s future customers 
and school children are always h 
for knowledge. The EBMUD con- 
ducts a constant program to make 
facts about the water system available 
through talks, motion pictures, and 
conducted tours. Often a short quiz 
or test is given after the “course.” 
On many occasions management has 
found that material submitted by stu- 
dents after these “courses” can be 
used by the district as a tool of fur- 
ther improved communications. 

8. General literature. The EB- 
MUD has developed and is keeping 
up to date several types of pamphlets 
and forms which are always kept on 
hand for distribution. It is surpris- 
ing how often it is helpful and bene- 
ficial to be able to produce such a 
pamphlet for an individual or a group 
asking questions. Such literature may 
not only answer specific questions but 
also open new and broader fields. 

In addition to the standard ap- 
proaches to communication, there are 
also a few special approaches which 
deserve considerable attention. They 
are probably not quite so commonly 
accepted nor put into practice so often 
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as the standard approaches. They can, 
however, be valuable, particularly for 
the larger utilities, although any util- 
ity should be able to profit by some 
application of them. 

1. Press conference. The press 
conference technique offers the pos- 
sibility of a well calculated release to 
all members of the press of desired 
items of information. Of course, it 
must be kept in mind that such expo- 
sure through the press conference also 
entails the hazard of running a gaunt- 
let of questions. Representatives of 
the press can be most persistent and 
most probing. Therefore, before 
adopting the press conference method 
a utility manager must be prepared 
for everything that goes with it in a 
free exchange of questions and an- 
swers. It is certain that the press 
appreciates the opportunity to receive 
news and background information 
first-hand and often responds with 
more space than it might otherwise 
allot. 

2. Governmental contacts. Care- 
fully developed lines of communica- 
tion at all levels of government, both 
local and state, should be established 
and maintained. A regular schedule 
is necessary in this and it must be 
diligently followed. It is impossible 
to expect the closest cooperation from 
governmental officials if the only time 
the utility manager sees them is when 
a permit is required, a change in zon- 
ing is necessary, or some other favor 
is to be requested. Personal contacts 
with elected officials and administra- 
tive department heads at all levels 
should, therefore, be establishec. One 
good idea might be to have an annual 
conference for the mayors, council- 
men, and administrative department 
heads from each political subdivision 
within a utility’s area. Three princi- 
pal objectives could be realized by 
such conferences: [1] closer personal 
ties could be maintained; [2] areas 
of understanding about questions ex- 
pected to be facing the utility in fu- 
ture years could be developed and 
the cooperation from public officials 
which will be needed to solve them 
might be guaranteed; [3] advantrge 
could be taken of the suggestions and 
criticisms these officials could make 
regarding improvements in service 
and public relations. 

3. Display advertising. Advertising 
represents one of the most direct and 
effective methods of reaching the pub- 
lic. It is probably the only method 
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which can be kept entirely within the 
absolute control of the organization 
that uses it. In addition to this, it is 
probably the cheapest way per capita 
of reaching the entire customer-public. 
In the field of management, advertis- 
ing is one of the basic techniques of 
public relations. There are many who 
maintain that a public utility's pro- 
gram cannot be fully effective without 
the use of advertising. The opponents 
of advertising in the utility field argue 
that it is not warranted as an expense 
because most public utilities are not 
competitive but “monopolistic.” The 
author feels that this is a short- 
sighted criticism. Most water utilities 
may not be in competition with an- 
other similar business but they are 
continually in competition with a 
standard of performance. Further, 
other techniques of public relations 
cost money too and are, in effect, a 
way of advertising. Advertising as 
such, because its expense can be pin- 
pointed and because it is so closely 
associated with retail competition, has 
been subject to unwarranted criticism 
in the public utility field. 

4. Public opinion poll. All public 
utility managers, whether or not they 
have a public relations program, are 
at many times curious as to the opin- 
ion the public has about their work. 
This is particularly true when a util- 
ity executive has a proposed project 
in mind and would like to forecast the 
public’s reaction to it. Even a water 
utility manager who is an expert in 
his field might discover that he is 
guessing on the basis of false assump- 
tions in trying to predict public reac- 
tion. A fairly reliable way of deter- 
mining public attitude is through the 
use of the public opinion poll. Polling 
techniques have been developed sci- 
entifically and can be relied upon for 
a fair degree of accuracy. They are 
accepted by many businessmen and 
politicians. Good polling techniques 
need to be too expensive. It has been 
the experience of the EBMUD that 
they are well worth the thought, 
money, and time they cost. 


Special Techniques 


In addition to the items already dis- 
cussed there are a number of other 
activities available in the public rela- 
tions field. These other activities 
might be called “special techniques.” 
A few of these, which the manage- 
ment of the EBMUD has put into 
effect or considered, are: 


1. Motion pictures. The EBMUD 
has produced several sound-color mo- 
tion pictures (Fig. 3). They are 
planned to create in the mind of the 
viewer an appreciation of the vital 
part which the district is playing in 
the growing economy of the area, The 
pictures are in great demand before 
organized groups. The development 
and production of these motion pic- 
tures are continually progressing. Un- 
less new ones are produced every so 
often, this program would soon appear 
dated. 

2. Open-house events. Appropriate 
ceremonies can be held marking the 
completion of major facilities of a util- 
ity (Fig. 4). These open-house pro- 
grams should be staged for the public, 
the press, and the employees of the 
utility. 

3. Special communications, Many 
utility projects, particularly pipelay- 
ing jobs, can cause great public in- 
convenience. In order to minimize 
inconvenience and complaints it is 
worthwhile to devise special programs 
to inform the affected public, each one 
organized to suit the circumstances. 
Special communications may take 
many forms—a [etter to the neighbor- 
hood, or a series of signboards, for 
example. In extreme cases special 
communication may even mean per- 
sonal calls by district representatives 
upon affected people. Special com- 
munications of any type will require 
flexibility, mobility, and consciousness 
of the need in order to be effective as 
an item of special attention. 

4, Uniforms. Appropriate uniforms 
for personnel is a frequently debated 
recommendation, Most critics of uni- 
forms claim that employees resent be- 
ing uniformel in their jobs. . There 
is no doubt, however, that for some 
functions, such as meter reading, some 
advantage can be gained by having 
uniformly appareled representatives. 
For a great number of customers, the 
meter reading is the only personal con- 
tact with the utility. It should, there- 
fore, be a contact that will be pleasant 
and leave in the mind of the customer 
a favorable picture of the utility rep- 
resented. The EBMUD has also pro- 
vided uniforms for its watershed pa- 
trolmen. In the opinion of the author 
these’ uniforms have done much to en- 
courage public acceptance and also 
have helped build employee morale. 

These four do not exhaust the list 
of “special techniques.” Any utility 
manager may develop others, suited 
to his needs. 





What Can the Operator Do to Promote 
Better Public Relations?* 


Pp?" relations is reported to be 
the fastest-growing profession in 
America today. What is public rela- 
tions? It is the execution of a pro- 
gram of action to earn public under- 
standing. It might better be called 
public information. 

Utilities in the past have had poor 
histories in the matter of public rela- 
tions. Someone at the top has failed 
to recognize the fact that a utility is a 
public servant. It should be remem- 
bered that the individuals to whom 
service is rendered are the same ones 
who will be asked, at times, to pass 
on bond issues and elect city officials 
who will act on rate and salary in- 
creases; they are the same ones with 
whom the superintendent must work. 


Human Relations 

For good public relations, good hu- 
man relations—with employees, with 
public officials or management, and 
with the public, the customers—are 
needed. 

To foster good employee relations 
give the employee a title that denotes a 
certain amount of ability. Provide an 
employees’ manual covering employ- 
ment, vacation, holidays, sick leave, 
overtime, wages, etc. Each employee 
is the “utility” or “company” to the 
customers and also to his circle of 
friends and relatives. If he takes sat- 
isfaction in his job and pride in the 
utility, his attitude in itself will pro- 
mote good public relations. 


How to Get Along with People 

Fundamental Techniques in Handling 
People 

1. Don’t criticize, condemn, or com- 
plain. 

2. Give honest, sincere appreciation. 

3. Arouse in the other person an 
eager want. 


*Presented at the 41st Annual Meeting, 
lowa Sewage and Industrial Wastes Assn. ; 
Cedar Rapids, Iowa; June 17-19, 1959. Re- 
printed with permission. 
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Six Ways to Make People Like You 

1. Become genuinely interested in 
other people. 

2. Smile. 

3. Remember that a man’s name is to 
him the sweetest and most impor- 
tant sound in the English language. 

. Be a good listener. Encourage 
others to talk about themselves. 

. Talk in terms of the other man’s 
interest. 

. Make the other person feel impor- 
tant—and do it sincerely. 


Twelve Ways to Win People to Your 
Way of Thinking 
1. The only way to get the best of an 
argument is to avoid it. 
2. Show respect for the other man’s 
opinion. 
. If you are wrong, admit it quickly 
and emphatically. 
. Begin in a friendly way. 
. Get the other person saying “Yes, 
yes” immediately. 
. Let the other man do a great deal 
of the talking. 
. Let the other man feel that the 
idea is his. 
8. Try honestly to see things from 
the other person’s point of view. 
9. Be sympathetic with the other per- 
son’s ideas and desires. 
10. Appeal to the nobler motives. 
11. Dramatize your ideas. 
12. Throw down a challenge. 


Nine Ways to Change People without 
Offending 
1. Begin with praise and honest ap- 
preciation. 
2. Call attention to mistakes indirect- 
ly. 
. Talk about your own mistakes be- 
fore criticizing the other person. 


. Ask questions instead of giving 
direct orders 


Let the other man save his face. 
Praise the slightest improvement 


and praise every improvement. Be 
hearty in your approbation and 
lavish in your praise. 

. Give the other person a fine repu- 
tation to live up to. 
Encourage. Make the fault seem 
easy to correct. 
Make the other person happy 
about doing the thing you suggest. 


Relations with City Officials 

Obtain the support and good will of 
your city officials. This lays the 
groundwork for good public relations. 
It is most important that the officials 
understand how your department 
functions, what its needs and prob- 
lems are, and how it is planning for 
the future. Keep your officials in- 
formed. Nothing annoys an elected 
official more than to learn first about 
your problems by reading it in the 
newspaper. 


Relations with the Public 

The secret of good public relations 
is to take the public into full confi- 
dence by making correct and honest 
statements. You must merchandise 
what you are doing. 

What are the tools available ?—they 
are: the press, radio, TV, public 
meetings, talks before civic and other 
organizations, such things as regular 
guided tours, visits by school classes, 
a large flow diagram on the plant wall, 
booklet describing the plant and sys- 
tem, street signs to tell what is being 
done on a project, exhibits and posters 
in office lobby or city hall, good house- 
keeping, attractive signs naming all 
equipment, a float in the annual 
parade, display at flower and garden 
show, sound motion pictures, good tel- 
ephone contacts, and a smile and a 
genuine “thank you” at the paying 
window. Much information is con- 
tained in Willing Water which is pub- 
lished by the American Water Works 
Association. 

Friendliness 


begets friendliness. 
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One satisfied customer can do more to 
improve public relations than a dozen 
ads. Teach the necessity of courtesy 
—it is the cheapest commodity in the 
world. Good will is the most price- 
less asset a business or utility can 
possess. 

W. S. Foster, Editor of The Ameri- 
can City, offers the following sugges- 
tions : 

1. He would eliminate the words 
“sewer” and “sewage” from any de- 
partmental title. He would also have 
a single department of water with 
divisions of supply and disposal. 

2. Take down ‘ ‘No-admittance” 
signs and replace them with “‘Wel- 
come” signs. Post the visiting hours 
below “Welcome.” 

3. Encourage trips through the 
plant by service clubs, school chil- 
dren, and others. 

4. Allow the use of suitable grounds 
for recreation and picnic areas. 

5. Enclose with the monthly bill 
an extra folder telling something 
about the plant or system. A leaflet 
about future extensions or the care of 
lawns, shrubberies, and trees will be 
appreciated too. 

6. On complaints, Mr. Foster 
would work out a detailed system of 
handling, including names and ad- 


dresses, nature of complaint, name of 
person who received the complaint, to 
whom it was referred, and action 


taken. Followup would be with a 
letter of thanks describing the action 
taken. 


How to Build Good Press Relations 
1. Newspapers exist to inform the 
public, the same public you serve. 
2. Do not confuse public relations 
with publicity. Just getting space in 


the local paper is not enough. It must 
be filled with planned, factual infor- 


mation. 


3. Keep the newspaper informed on 
what is happening. The time to get 
acquainted is when things are going 
well. 

4. Know the city editor. He will 
tell you how news is handled and 
probably assign a reporter to cover 
your department. The reporter will 
be eager to work with you in develop- 
ing news from your department. 
Don’t go over his head, always tell 
him first. Don’t hold back, give him 
all the facts whether they are favor- 
able or not. 

5. What is news? News items are: 
unusual operating conditions, emer- 
gencies, new facilities, rate changes, 
long-range plans, expansions, annual 
reports, bond issues, regulations, par- 
ticipation in meetings, unusual jobs, 
employee activities, and human inter- 
est stories. 


6. Newspapers have deadlines ; keep 
them in mind. Get information a re- 
porter needs if you do not have it at 
hand. Don’t complain about an un- 
important error. 

7. Stories in news columns are 
more likely to be read than ads. When 
advertising, use display type. People 
won't wade through 250 words to gain 
a thought or point. Humanize the 
advertising. Dramatize financial state- 
ments, 

8. Whether your relations with the 
press are good, bad, or indifferent de- 
pends largely on you. 

It must be remembered that ads, 
displays, and booklets cannot repair 
completely the injury done by a 
thoughtless employee. 


Some Hints on Giving a Talk 

1. State your facts; argue for them 
and appeal for action. 

2. When you show that something 
is wrong, show how to remedy it; ap- 
peal for action. 

3. Secure interested attention, win 
confidence, state your facts, appeal to 
the motives which make people act. 

4. A speech must have punch. Ap- 
peal with real conviction and en- 
thusiasm. 

5. The speaker must have some- 
thing which he really wants to say. 
Think over your facts, burn their real 
importance into your mind. Act en- 
thusiastically and your audience will 
be enthusiastic. 

6. A good talk is conversation en- 
larged. Talk to a group just as you 
would a single person. A group is a 
collection of John Smiths. 

7. Be natural, don’t imitate others. 
Talk to your hearers just as if you 
expected them to stand up and talk 
back to you. Be sincere. 

8. Carefully prepare the opening of 
your talk in davance. It should be 
short, and it should lead into the 
heart of your subject. 

9. The opening should seize atten- 
tion immediately. Use an exhibit, ask 
a question, offer startling facts or a 
striking quotation. 

10. Plan your ending carefully. 
What is said last is likely to be re- 
membered longest. Suggested ways 
for closing are: summarizing, appeal- 
ing for action, complimenting the 
audience, quoting a fitting verse. 

11. Have a good beginning and a 
good ending and put them close to- 
gether. Always stop before your audi- 
ence wants you to. 
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Municipal Water Rates and Rights Litigations* 


he law is settled that a municipal 

corporation owning its plant and 
furnishing water to the public must 
charge just rates. The utility is not 
required to supply water at cost; it 
may earn a fair profit. Municipalities 
cannot select patrons arbitrarily but 
must serve all who apply on equal 
terms and at reasonable rates. This 
is as far as the rules of common law 
seem to have gone. They do not re- 
quire absolute uniformity of rates, nor 
do they forbid discrimination by the 
charging of lower rates for one group 
of consumers than those exacted of 
others. The courts will not interfere 
with the collection of rates established 
by the legislative body unless they are 
arbitrary and amount to the taking of 
property for public use without just 
compensation. This attitude is evident 
in two major rate cases decided this 
year. 

In Hagersirom v. Public Service 
Commission (1), the city protest that 
the Maryland Public Service Commis- 
sion wrongfully refused to include cer- 
tain factors in the water rate base for 
consumers outside its corporate limits 
was denied on appeal. It was con- 
cluded that the commission had not 
been arbitrary in excluding the cost of 
water mains, which subdividers were 
compelled to pay in order to secure 
city service, charges for fire hydrants 
and connections, and federal grants in 
connection with certain WPA water 
main projects. 

In Tax Review Board v. Wemer 
(2), it was decided that, where water 
meters were not registering, the city 
was entitled to bill for the excess wa- 
ter used in prior years. Philadelphia 
was allowed recovery on the basis of 
estimated consumption. This was 
computed by multiplying the average 


*Reprinted from JAWWA, Vol. 51, No. 
8, p. ‘905. 1010 (1959) by permission. 


This paper originated as part of a report 
presented to the convention of the National 
Institute of Municipal Law Officers, Chat- 
tanooga, Tenn., by the author, as chairman 
of the Committee on Municipal Water 
Problems, and published in the 1999 
NIMLO Municipal Law Review. 
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daily water use on each property by 
the number of days the original meter 
was not registering. If the consumer 
believes that the estimate does not fair- 
ly show the amount of water con- 
sumed, the burden of proof is on the 
water user. 

A federal court did find, however, 
that rates charged to a city by the fed- 
eral government were not reasonable 
in Rank v. Krug, a significant case on 
its way to the U.S. Supreme Court. 
The federal government must comply 
with state law, and the rates it charges 
must be fair, the court held. Fresno 
alleged that federal rates to certain 
irrigation districts were lower than 
those that the city paid for water for 
domestic and municipal purposes. The 
court ruled in favor of Fresno. 

Although local units in many states, such 
as California, are not subject to utility 
rate regulation, some states are moving 
in this direction. The Wisconsin Public 
Service Commission has the primary duty 
of seeing that all services, whether pri- 
vately or municipally owned, charge the 


lowest rate commensurate with proper 
service (3). 


Water Rights Problems 

The stake of municipal government 
in modern water legislation is greater 
than that of any other user. Most of 
the nation’s increase in population 
since 1950 has occurred in the cities 
and their suburban areas. In fact, 
about 60 per cent of the population 
resides within central cities of 50,000 
population or more. 

The use of water has created prob- 
lems for mankind since the dawn of 
history, and lawmakers have over the 
centuries put their minds to the task 
of finding solutions. 

In 1900 Bc the Code of Hammurabi 
codified laws that had already been 
in existence for centuries, including 
provisions for irrigation and flood 
control. The aqueducts that supplied 
Rome with water during the time of 
Christ, some of which are still in exist- 
ence, and the great irrigation systems 
of the Nile are ancient forerunners of 
today’s Colorado River developments 
and the California Water Plan. 


The aims of rules for the use of 
water are to determine who may use 
the available water and in what quan- 
tity, how the water may be used, and 
the kinds and amounts of wastes that 
may be emptied into the water supply. 

The areas affected by a lack of 
usable water are presently causing the 
greatest concern. Many areas that had 
ample water in the past now face 
shortages from increasing population, 
industrialization, and irrigation de- 
mands. 

There is grave doubt that common- 
law water rights doctrines, prevalent 
in the eastern states, are applicable in 
to current conditions. These commop- 
law doctrines are often invitations to 
litigation, as is certainly true of the 
doctrine of riparian rights, which can- 
not be applied with any degree of cer- 
tainty. Concepts of water rights that 
grew up in a primarily agricultural 
society with no real shortages are un- 
suited to modern urban use when de- 
mands are immense. No city can sup- 
ply its people on the basis of para- 
mount rinparian rights unless it owns 
all the land abutting a stream within 
its limits. 

The need for reliable and unpolluted 
supply has led to heavy overdraft and 
ruining of ground water resources by 
municipal, industrial, and agricultural 
users. Moreover, the laws applicable 
to ground water are based on the anti- 
quated distinction between water of 
definite underground streams and per- 
colating waters. This distinction has 
been denounced by ground water hy- 
drologists as having no scientific basis 
(4). Nevertheless, Texas and Cali- 
fornia have adhered to the historical 
distinction in the face of prodigious 
developments of ground water. They 
have not followed the intelligent lead 
of such states as Kansas, Idaho, Ne- 
vada, Oregon, Utah, Wyoming, and 
North and South Dakota, which have 
rejected the distinction (5). 

The 21 western states have enacted 
into law a policy that their people 
have a paramount interest in the use 
and development of water, both sur- 
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face and underground, and that the 
state should guide that development 
and use for the greatest public bene- 
fit, without waste. Nine of these west- 
ern states, however, retain the ripari- 
an doctrine, modified by the rule of 
reasonable use, and simultaneously 
recognize rights of appropriation and 
prescription. 

As a result of the indifference and 
halfway measures adopted in many 
jurisdictions, municipal lawyers are 
disturbed by the question: What 
chance is there for correlation of 
rights in ground waters or streams in 
jurisdictions that follow common-law 
doctrines, or, for that matter, in juris- 
dictions in which litigants have ig- 
nored filing procedures under prior- 
appropriation statutes and proceed in 
private suits to establish vested rights 
which they intend to exercise without 
regard to the public welfare ? 

At the outset it should be under- 
stood that the substitution of systems 
of prior appropriation for present sys- 
tesm is not necessarily a universal cure 
for water ills. There may be no need 
for a wholesale revision of water rights 
where the difficulty can be met by 
legislative action directed to water- 
short areas or where changes in tech- 
nology and distribution assure ample 
supply (6). For instance, the Water 
Resources Commission of Connecticut 
said that, although the development of 
riparian laws may not keep pace with 
needs, further specific legislation does 
not seem necessary at present. 

No statutory system of water law 
will work without an efficient system 
of administration. Many of the ear- 
lier statutes need revision to meet 
modern conditions (7). In order to 
bring about maximum beneficial utili- 
zation of existing supplies, legislatures 
are transforming water rights law and 
accepting state management of water 
resources. 

Half of the states have enacted com- 
prehensive laws affecting the use of 
water resources or have appointed spe- 
cial water study commissions. In 
some states, such as Alabama, organ- 
ized movements stalled when the legis- 
lature failed to appropriate funds. 


‘Model Water Use Act’ 

One approach to uniformity is the 
“Model Water Use Act” (8). It pro- 
vides for a state commission and in- 
corporates the best features of various 
state and local laws. Its aim is com- 
prehensive and paramount control 
over all the water resources of the 
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state. The commission’s duties are 
planning for beneficial water develop- 
ment, regulating uses in accordance 
with the “act,” and dealing with the 
federal government and other states. 
Uses of ground water, surface streams 
and lakes regulated under the “act’’ 
include withdrawals, use, and storage. 
Uses are classified as “preserved” or 
“permitted.” A preserved use, if rea- 
sonable and consistent with the pub- 
lic interest, will be protected from 
interference by subsequent permitted 
uses, so long as it continues to be ben- 
eficial and is not terminated by non- 
use for a period of 3 years. A permit 
is granted if water is available and 
the proposed use is beneficial and does 
not impair existing preserved, domes- 
tic, or permitted uses. A permit is 
granted for a definite period. The 
water right does not depend on the 
law of the state prior to the effective 
date of the “act.” To guarantee con- 
stitutional “due process” the “‘act” re- 
quires hearings by the commission, 
right of appeal to state courts, and 
compensation for actual damages to 
property rights by actions against 
permit holders. 

Following the lead of the West, 
many states have adopted new statu- 
tory law. In some states, planning 
boards have been created, ranging 
from ineffective advisory boards to 
powerful control agencies responsible 
for all plans for water use. The trend 
is toward overall economic control of 
land planning and water use. Effec- 
tive administration is the main prob- 
lem at present, but much is being 
learned through trial and error (9). 

Kentucky created a water resources 
study commission that includes a mu- 
nicipal representative. The function 
of the commission is to study all agen- 
cies of the state government whose 
activities have an effect on the devel- 
opment and use of Kentucky’s water 
resources and to formulate new laws 
and improved administrative machin- 
ery where necessary. Tennessee’s new 
water resources division is responsible 
for a program of conservation, protec- 
tion, and development of the water re- 
sources of the state and the study of 
a long-range water resource policy. It 
will explore through public hearings 
the contrasting viewpoints of all com- 
peting users of water and determine 
their respective needs (10). 

The Texas legislature set up a water 
development board to administer 
funds derived from the sale of $20,000 


in state bonds authorized by a consti- 
tutional amendment for water conser- 
vation and supply. Six members are 
appointed by the governor, with the 
advice and consent of the senate. The 
act provided that the board may give 
financial assistance to the political sub- 
division by the purchase with monies 
out of the state’s water development 
fund, of bonds or other securities (11). 


State Progress 

The Texas Water Resources Plan- 
ning Division, headed by the State 
Board of Water Engineers, is devel- 
oping an inventory of the quantity, 
quality, and location of all surface 
water. The division will work with 
municipalities in a joint program of 
mapping watersheds and studying 
beneficial use (10). 

Oklahoma is considering a com- 
pletely new water law recommended 
by the Oklahoma State Water Study 
committee (10), and Louisiana has 
set up a water resources study com- 
mission of fifteen members to study 
the state’s water policy, the need for 
revisions, and the manner of admin- 
istration of the revised policy. 

A bill before the South Carolina 
legislature provides that all unappro- 
priated surface waters are public wa- 
ters. Under its police power, the state 
is to control and develop water for all 
beneficial purposes, but no person will 
be deprived of a vested right (10). 

In an attempt to eliminate duplica- 
tion, North Carolina now gives the 
Department of Conservation and De- 
velopment the sole responsibility for 
research in connection with water re- 
sources and for the maintenance of the 
inventory of water resources (10). 

In Kansas, the governor appointed 
a nonpolitical resources commission 
which is somewhat dominated by agri- 
cultural interests in that the adminis- 
trative work prepared for this agency 
is accomplished under the supervision 
of the chief engineer of the water re- 
sources division of the State Board of 
Agriculture. 

At last session, Kansas lawmakers 
adopted several resolutions to ask 
Congress to support flood control and 
soil conservation projects in Kansas. 
A Senate Concurrent Resolution 
could amend the state constitution to 
permit the state to engage in flood 
control works and the conservation 
and development of water resources. 
Kansas now is prohibited from carry- 
ing on any work of internal improve- 
ment. 





Delaware’s general assembly re- 
jected a bill that declared : “Water oc- 
curring in any watercourse, lake, aqui- 
fer, or other natural water body of the 
state is declared to be public waters 
and public wealth of the state... , 
and the control, development and use 
of water for all beneficial purposes 
shall be in the state.” , A water re- 
sources commission would have regu- 
lated the taking of water. (10). 

The Nebraska legislature has taken 
a step toward regulating underground 
water. One bill requires owners to 
register each irrigation well with the 
state engineer, giving any information 
the state engineer may require. The 
second bill provides spacing regula- 
tions of 600 ft. for irrigation wells in 
most cases. In Illinois the 69th Gen- 
eral Assembly created a study com- 
mission on the water and drought 
situation and ordered it to make a 
thorough study (12). Iowa has a 
comprehensive new act which stamps 
both surface and underground waters 
as public wealth and establishes a per- 
mit system. Permits are required from 
any municipal corporation which in- 
creases water use in excess of 100,000 
gpd or 3 per cent more than the pre- 
vious daily high. 

The most drastic changes in water 


policy seem to be occurring in the 
South. Mississippi has progressed 
from rigid adherence to the riparian 
doctrine to a policy of prior appropri- 


ation for surface waters. With the 
approval of the Water Conservation 
Law, Mississippi joined ranks with 
the seventeen western states that fol- 
low the doctrine of appropriation in 
one form or another. To establish 
their right to continue to make bene- 
ficial use of water, all users, including 
municipalities, were required to apply 
to the Mississippi Board of Water 
Commissioners before Dec. 31, 1958 
(21). One writer suggests that the 
state’s new water law is an unconsti- 
tutional attempt to abolish, without 
compensation, vested property rights 
of riparian proprietors. 

The definite need for a curb on the 
ever increasing waste of water supply 
and the assurance of good water daily 
to municipalities and those investing 
in industry led certain members of the 
General Assembly of South Carolina 
to propose a modified form of prior 
appropriation. This proposal has met 
with considerable opposition from 
some sources and has failed of passage 
each time. The last three sessions of 


the legislature granted to certain mu- 
nicipalities and one industry the right 
to divert fixed amounts of water daily. 
There is fear that the supply of certain 
streams may be entirely allotted by 
legislative action. 

California’s legislature enacted only 
two bills affecting municipal water 
rights. One permits portions of a 
city to be included within different 
municipal water districts. The other 
preserves the identity, legal existence, 
and powers of any public corporation 
or public agency included in, added 
to, or annexed to another county wa- 
ter district. 


Air Conditioning Restrictions 

There is a growing awareness of 
the increased water consumption 
caused by air conditioning installa- 
tions. Failure to conserve water dur- 
ing periods of shortage may result in 
heavy mortgaging of community wa- 
ter supplies. 

One of the effects of air condition- 
ing has been the passage of laws to 
control practices which waste and pol- 
lute water. The need for regulation 
was shown by a scientific study con- 
ducted in Ames, Iowa, in which it 
was found that air conditioning use is 
obviously increasing, and its effect on 
the water utility could only grow. If 
residential installations mushroom as 
anticipated by the air conditioning 
industry, communities may not be 
able to support the added demand. 
Air conditioning also creates the prob- 
lem of idle standby facilities. In Ames, 
Iowa, facilities serving air condition- 
ing are idle and unproductive for 90 
per cent of the year. 

Based upon the model ordinance 
prepared by AWWA, the Ames ordi- 
nance states that new installations 
with a capacity of 2 tons or more must 
provide for recirculation of the cooling 
water. The ordinance is not retro- 
active and does not apply to existing 
installations during their normal serv- 
ice lives, but it will apply at the time 
of alteration or replacement (14). 

A nationwide survey of power com- 
panies and water utilities indicated 
marked increases in the number of air 
conditioning units, particularly in the 
South. Because of air conditioning 
systems for homes and commercial 
and industrial installations, which, in 
the latter two, have become a com- 
petitive necessity, power and water 
companies expect staggering demands 
on their facilities. Northern and cen- 
tral California shows a sharp increase 
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in the number of units. Three of the 
newest 8-12-story buildings in down- 
town San Francisco are completely 
air conditioned, and, of course, air 
conditioning of factories is becoming 
increasingly common. 

Five cities require licenses of those 
who install air conditioning or refrig- 
eration. Shreveport, La., Kansas 
City, Mo., Bismarck, N. D., South 
Saint Paul, Minn., and Detroit, Mich., 
have adopted ordinances of varying 
strictness and require fees. 

In regulating air conditioning, cities 
either require permits to install sys- 
tems or permits to operate. In Man- 
hattan, Kan., one needs an installa- 
tion permit only if water is to be used 
from a source other than the public 
supply. Highland Park, Mich., speci- 
fies an annual inspection of each in- 
stallation by the city engineer (15). 

The filing of written claims as a 
prerequisite to suing cities in actions 
involving water rights is under scru- 
tiny in some jurisdictions. The time 
involved in the appropriation of 
ground water may warrant extending 
the time limit for filing claim notices. 
The Kansas board, however, cautions 
against hasty limitation of a law which 
serves a sound purpose by permitting 
investigation of good faith administra- 
tion of claims, and the prevention of 
unfair surprise to the prejudice of 
government. This is especially true 
at a time when municipalities are in- 
creasingly engaged in water litigation. 

Many of the state water appropri- 
ation laws list preferential uses. Given 
a high priority after domestic uses are 
municipal uses, which are seldom de- 
fined. Because municipal government 
serves diverse water users, some 
groups seek to subdivide municipa' 
uses into domestic and industrial 
categories. 

As the Kansas Water Resources 
Board has pointed out, the large num- 
ber of water uses dependent upon mt.- 
nicipal supply defy fine distinctions. 
“To subclassify the various uses with 
in any municipality is to set up the 
standards of one class of state inhab- 
itants and to require all development 
to conform to that standard without 
regard to the complexities of modern 
urban organization,” the board said. 

Whether legislatures should make 
any detailed classification or subdivi- 
sion of municipal uses is highly ques- 
tionable. Certainly the status of cities 
serving water for industry or agricul- 
ture would be unsettled if multiple 
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priority distinctions were applied to 
water rights (16). 

Progress toward sensible, modern 
water legislation throughout the na- 
tion has been heartening. Legislation 
that promotes the development of new 
supply and accomplishes conservation 
and the maximum beneficial use of 
existing supplies merits vigorous sup- 
port. 

Suits Involving Federal Claims 

The federal government’s assertion 
of paramount rights to waters in sev- 
eral western states is regarded by 
many municipal attorneys as a direct 
threat to the integrity of existing wa- 
ter rights. It is feared that the United 
States seeks to invalidate rights al- 
ready established under state law, and 
attorneys therefore vigorously oppose 
the federal theory that the government 
may elect to develop reservations at 
any time with no regard whatever for 
recognized rights. That these fears 
are justified has been indicated in a 
number of court decisions which have 
left unsettled the matter of federal 
claims in derogation of state water 
rights. 

Pelton Decision 

A landmark in the struggle between 
federal and state authorities for the 
control of western. water resources, 
the Pelton decision (17) held the 
United States possesses a paramount 
proprietary interest in all unappropri- 
ated waters flowing through certain 
reserved lands. The United States 
planned to place a dam between a 
government reservation of public 
lands for power sites on the one side 
of the river and an Indian reservation 
on the other. The court held that the 
Desert Land Act* does not apply to 
waters on government reservations. 
The Federal Power Commission was 
given exclusive jurisdiction for the 
use of such water, and Oregon was 
given no rights. 

Municipal lawyers believe the Pel- 
ton decision may have momentous 
effect. Hundreds of water rights that 
municipalities, farmers, and industry 
acquired under the state laws of ap- 
propriation might be held void as 


*The Desert Land Act, passed in 1877, 
provides : 

“All surplus water over and above such 
actual appropriation and use, together with 
the water of all lakes, rivers and other 
sources of water supply upon the public 
lands and not navigable, shall remain and 
be held free for the appropriation and use 
of the public for irrigation, mining, and 
manufacturing purposes, subject to the ex- 
isting rights.” 
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against a future federal need, because 
the water comes from federal reserva- 
tions. A widespread feeling of in- 
stability has therefore resulted. 
Certain decisions involving Indians 
created an exception to the govern- 
mental policy of recognizing the con- 
trol of state water laws over non- 
navigable streams. This control was 
denied in order to enable the federal 
government to fulfill its obligations to 
the Indians. Should the vested appro- 
priative rights of the western states, 
some more than 100 years old, be 
wiped out by mere executive action ? 
If the Pelton decision were merely 
another exception, there might be less 
cause for alarm. There is a feeling, 
however, that the United States is not 
thinking only of the Indian or pro- 
viding for military installations, but 
is asserting a paramount proprietary 
right to the unappropriated, non-nav- 
igable waters flowing across reserved 
public lands. The Pelton case may 
have profound effect on the economy 
and well-being of the West. Justice 


Douglas dissented in the Pelton case, 
on the ground that the public land 
laws had transferred the control of 
such waters to the states long ago. 


Santa Margarita Case 

In claiming water rights in Califor- 
nia, the federal government stands in 
the same position as any other party, 
a federal judge has ruled. Judge 
James M. Carter’s comprehensive pre- 
trial opinion in the Santa Margarita 
case declared that the rights of the 
United States to waters of the Santa 
Margarita River for use in Camp Pen- 
dleton would be determined by the 
same rules as apply to any private 
individual, and that the extent of the 
rights of the United States would be 
determined by state law. 

Although the court said the United 
States has the power to make reserva- 
tions of public lands or waters in 
spite of state law, it determined that 
this power can only be exercised by 
Congress. The court held specifically 
that neither the Solicitor General of 
the United States nor the Navy has 
been delegated any such power by 
Congress. In fact, he found that every 
congressional enactment on the sub- 
ject expressed the clear intent that 
state laws should apply in the case of 
the Santa Margarita River. 

Two important rulings in the 120- 
page pre-trial opinion, which ruled on 
numerous motions, are: 

1. Rights of the United States are to 


be determined under state law, and as a 
riparian owner, it has no right to use 
the waters of the Santa Barbara Marga- 
rita River outside the watershed of that 
stream. 

2. The United States has no special 
right to use water on Camp Pendleton by 
reason of its sovereign status and has ac- 
quired no rights by inverse condemnation. 

In claiming paramount rights nei- 


ther riparian nor appropriative and 
above state law, the government advo- 
cates a new system of water law, for 
there is no federal water rights law, 
either statutory or judicial. 

The federal claims are based on ex- 
tensions of the Pelton dictum and 
would destroy or impair many private 
water rights and prevent additional 
development of water resources. 

Hearings held in 1958 before the 
House Committee on Interior and In- 
sular Affairs were focused on the at- 
titude of the federal government. 
Chairman Clair Engle urged congres- 
sional investigation into the necessity 
of suing some 6,000 defendants (ev- 
erybody in the watershed) in order 
to determine the title to the water. 
As a result of the broadening of the 
issues in the case, the complaint grew 
from seven to 72 pages. 


Colorado River Basin 

A 6-year-old Colorado River water 
suit (18) rumbled to an end after 132 
trial days before Simon H. Rifkind, 
special master for the U.S. Supreme 
Court. In its original complaint 
against California, Arizona claimed 
rights to 2,800,000 acre-ft/yr from 
the 7,500,000 acre-ft/yr allocation in 
the 1922 Colorado River compacts. 
Arizona asks a decree cutting Califor- 
nia’s annual diversion from the river 
by 1,000,000 acre-ft. To grant Ari- 
zona’s demands for 30 per cent of the 
California claims by appropriation 
and contract would be to reduce the 
water supply of 83 cities now depend- 
ing upon the Colorado River. 

The United States and five states, 
Arizona, California, Nevada, New 
Mexico, and Utah, presented evidence 
of their respective bids for water in 
the lower Colorado River basin. Total 
claims were 9,962,000 acre-ft/yr, in- 
cluding California, 5,362,000 acre-ft, 
Arizona, 3,800,000, and Nevada, 
800,000. There were additional 
claims by the United States for water 
for Indian Reservations and national 
parks. 

Federal claims of water for Indians 
would defeat the states’ basic claims. 
The government is asking for 1,700,- 
000 acre-ft in diversions. At least 





one reservation has no Indians on it 
at all, and others have only a handful. 
Invoking the Jencks decision, the 
judge forced the United States to 
show California certain papers in con- 
nection with cross examination. In 
order to allow all of its attorneys to 
see the papers, California set up a 
photocopying machine in court. 

There were approximately 26,100 
pages of transcribed testimony, or 
about 8,000,000 words, and more than 
4,000 exhibits. The deadline for sub- 
mitting briefs was June 1, 1959. Judge 
Rifkind gave no indication of when he 
would have his report ready for the 
Supreme Court, which usually adopts 
a special master’s findings. 

Among needs for national parks and 
national monuments, the United 
States included water for 12 Gila 
monsters on the Tonto National Mon- 
ument in Arizona. The record does 
not disclose how much water a Gila 
monster uses. For geese and ducks, 
the United States demands 2.2 acre- 
ft/yr—enough to meet domestic and 
industrial requirements for 10-12 peo- 
ple. James H. Howard, Counsel for 
Metropolitan Water District, was in- 
spired to write: 

OWED TO A WATERFOWL 

It seems just a trifle absurd 
water consumption, a bird, 
lesser in weight, 

And more waddling in gait, 

Equals almost two men and a third. 
Nevada 


The Hawthorne Ammunition Base, 
a federal installation using under- 
ground water, at first decided to com- 
ply with the laws of Nevada by mak- 
ing application for its water appro- 
priations. Before the state engineer 
approved the applications, the Pelton 
and Ivanhoe decisions came down. Im- 
mediately the United States claimed it 
was not required to comply with Ne- 
vada law. And the Navy withdrew its 
applications. Nevada filed an action 
seeking declaratory judgment (19). 

Dismissing Nevada’s complaint, the 
district judge said: “There is no man- 
date in constitutional, statutory, or 
decisional law that compels the federal 
government to bend its knee to this 
type of state law and regulations.” 
Noting the decision of the Supreme 
Court in the Ivanhoe case, the judge 
said: “A state cannot compel use of 
federal property on terms other than 
those prescribed or authorized by Con- 
gress.” National defense became a 
factor, as he added: “A court should 
hesitate to impede the lawful and logi- 
cal functions of the Department of the 


That, in 
T 


Navy exercised in what it has been 
stipulated is a majority military 
installation.” 

Six states supported Nevada in the 
case. The California Department of 
Water Resources filed a brief as ami- 
cus curiae upholding Nevada’s posi- 
tion in which the states of Nebraska, 
North Dakota, South Dakota, and 
Wyoming joined. Washington joined 
in the briefs filed by Nevada. 

The court relied heavily upon Mc- 
Culloch v. Maryland (20), from which 
it quoted : 

No trace is to be found in the Consti- 
tution of an intention to create a depend- 
ence of the government of the Union on 
those of the states. . . . To impose on it 
the necessity of resorting to means which 
it cannot control, which another govern- 
ment may furnish or withhold .. . is 


incompatible with the language of the 
Constitution. 


Ivanhoe Case 


The Ivanhoe case and three com- 
p-nion cases concerned water supply 
projects in California constructed by 
the U.S. Bureau of Reclamation. The 
excess-land provisions of the federal 
reclamation laws, included in the re- 
payment and water service contracts 
executed by the districts, were held 
valid. The determination of the valid- 
ity of these provisions involved ques- 
tio.is of whether federal law requires 
that state law be followed, the au- 
thority of state public agencies to com- 
ply with the contract provisions, and 
whether the latter are unconstitutional 
as a denial of due process and equal 
protection under the law. 

The California Supreme Court’s 
theory of a trust, in which the United 
States assumes the same obligations 
and responsibilities as the state, was 
also upset, as the U.S. Supreme Court 
reversed the California Supreme 
Court by a vote of 8-0. 

The opinion regarded the acquisi- 
tion of water rights and the operation 
of a federal reclamation project as two 
different things. The United States is 
-equired to comply with state law in 
the construction and operation of a 
reclamation project only if it is also 
necessary to acquire water rights. But 
Congress did not intend to override a 
long-established national policy em- 
bodied in the excess-land provisions, 
the court said. 

The power of the federal govern- 
ment to impose reasonable conditions 
on the use of federal funds, property, 
and privileges was upheld. About the 
denial of water for any land in excess 
of 320 acres, the court said: 
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It is a reasonable classification to limit 
the amount of project water available to 
each individual in order that benefits may 
be distributed in accordance with the 
greatest good to the greatest number of 
individuals. The limitation insures that 
this enormous expenditure will not be in 
disproportionate share to a few individ- 
uals with large land holdings. Moreover, 
it prevents the use of the federal reclama- 
tion service for speculative purposes. In 
short, the excess acreage provision acts as 
a ceiling, imposed equally upon all par- 
ticipants, on the federal subsidy that is 
being bestowed. : 

The court rejected the argument 
that federal contracts fail to state the 
total sum owned by the contracting 
agency. As interest is not charged 
on the amount due, and because exist- 
ing law requires a credit to be given 
toward construction charges, the con- 
tracting agency is is adequately pro- 
tected and does not have to pay more 
than its share, the court reasoned. Al- 
though the contracts fail to provide 
for a transfer of title to the works, 
the court considered it reasonable for 
the federal government and the con- 
tracting agencies to defer the question 
of title passage to another day. Only 
the distribution facilities — not the 
main project works—are involved, the 
court concluded. 

A petition for rehearing and clarifi- 
cation is now before the U.S. Supreme 
Court (21). The petition states: 

These decisions seemingly represent an 
unjustifiable extension of federal power in 
disparagement of both the legislative and 
judicial authority of the states. In revers- 
ing the Supreme Court of California’s hold- 
ing that the contracts were invalid, the 
court points to no federal enactment which 
imposes the contracts, and expressly dis- 
avows any intent to determine whether 
Congress could constitutionally do so. . 
Unanswered questions of state law remain 
and should be expressly left open for final 
decision by the Supreme Court of Califor- 
ma. 

Washington 

An interesting case arose when Ta- 
coma sought a license from the Fed- 
eral Power Commission to build two 
dams for the production of power on 
the Cowlitz River, a navigable stream 
in Washington (22). One of these 
dams will flood a fish hatchery 
owned and operated by the state of 
Washington. 


Washington’s Department of Fish 
and Game contends that state law pro- 
hibits the construction of dams on this 
river without state approval. The 
state refused approval because of harm 
to fish and destruction of the fish 
hatchery. The commission issued a 
license, however, which was confirmed 
by the Federal Court of Appeals for 
the 9th Circuit. The U.S. Supreme 
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Court refused to alter this decision. 

In the meantime, Tacoma brought 
a suit to validate its bond issue. The 
Washington State Supreme Court de- 
cision that the city had no authority 
to take state land, such as the fish 
hatchery, by eminent domain, was re- 
versed by the U.S. Supreme Court, 
which refused to consider whether the 
specific language in the Federal Pow- 
er Act gives the city the authority 
to condemn state land. The clear con- 
clusion of the decision, however, is 
that a city created under the laws of 
the state can, under federal law, be 
given such authority in carrying out 
a federal license. 

The vital question of federal re- 
fusal to abide by state water law arose 
in the Blue River case in Colorado. 
It affected the water supply of Den- 
ver. Despite the investment of mil- 
lions of dollars by the city for a water 
source in the mountains, the United 
States claimed the water and denied 
that it was subject to normal appro- 
priations by the city. The issue was 
finally resolved by compromise. 

When Orem City, Utah, and the 
federal government each filed appli- 
cations to appropriate the same 
water, the city’s claim was denied by 
the court. It found the United 


States’ right of appropriation had 
been perfected long before the city 
applied (23). The fact that the fed- 
eral government had changed its point 
of diversion did not affect its right, 
because it had applied to the state 
for approval of the change. 


Suits Not Involving Federal Claims 
After a stormy, 114-day court bat- 
tle over water rights, the parties in 
Orange County Water District v. 
Riverside, Colton, San Bernardino, 
and Redlands (24) are again battling 
on appeal. The 1957 judgment, which 
was in favor of the district, limited 
the cities’ prescriptive rights to Santa 
Ana River water on the basis of 1951 
production. A writ of supercedeas 
stayed execution of the injunction. 
The cities seek reversal on grounds 
that the water shortage in the district 
basin was caused by the drought and 
not by municipal pumping. They con- 
tend that the statute under which the 
district sued was unconstitutionally 
applied, that the court abused its 4is- 
cretion in confining the action to the 
four cities and refusing to enjoin a 
host of other major producers from 
extracting water from the basin, and 
that an erroneous method was used 
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to compute the cities’ appropriative 
rights under California law. 

To the cities’ claim that there is no 
proof they are to blame for falling 
water tables 50 mi away, the district 
urged that there was enough evidence 
to support the court’s findings of fact. 
One finding was that the river was 
the common supply for both the up- 
stream cities and the district, despite 
the distance between them. The court 
rejected the cities’ evidence that evap- 
oration and transpiration consume 
great quantities of water in the river 
and that urbanization results in the 
return of greater amounts of water 
underground. 

The need for water law doctrines 
geared to modern urban conditions 
has been stressed by the cities. Mu- 
nicipalities should have equal rights 
with overlying and riparian landown- 
ers, and not merely the rights of ap- 
propriators. They urge the logic that 
cities act as agents exercising their 
residents’ paramount right as over- 
lying owners to pump from the under- 
lying basin. These residents may sur- 
render their superior rights to the 
city, and the law should assume such 
a surrender when an owner elects to 
take water through city facilities. Be- 
cause more efficient municipal opera- 
tion wastes less water than private 
wells, it better satisfies the Califor- 
nia constitutional prohibition against 
waste. 


Crow Wing County Case 

Minnesota brought six actions to 
determine adverse claims to the beds 
of certain lakes and connecting streams 
in Crow Wing County. The state al- 
leged that it was the owner in fee sim- 
ple of the lands constituting the beds 
of these lakes and streams. The ri- 
parian owners answered and alleged 
that, because the waters involved were 
non-navigable, they were the owners 
in fee simple of the beds of these wa- 
ters. The actions were consolidated for 
trial. By stipulation, the court limit- 
ed the issue to determination of the 
navigability of the waters involved, 
and left the boundary lines between 
lake and stream beds and riparian 
lands for future determination. The 
importance of these cases was that the 
lake and stream beds involved are un- 
derlaid with valuable iron ore depos- 
its. The court found all the disputed 
lakes and streams: nonnavigable, and 
the title to the beds was therefore 
vested in the riparian owners, except 
for Little Rabbit Lake and the chan- 


nel between it and the Mississippi 
River. 

This case is significant for its in- 
terpretation of the rule of public own- 
ership and control of waters in the 
state. 


Utah 

After Utah’s Weber Basin Water 
Conservatory District constructed 
Wanship Reservoir, a landowner 35 
miles downstream claimed damages 
for diminished flow. The substance of 
this complaint was that subsurface 
waters were part of his land and that 
reduction in the river flow would low- 
er the water table and remove mois- 
ture from his soil. 

Denying the owner’s right to dam- 
ages, the Utah Supreme Court pointed 
out that the demand was a riparian 
demand, which the Utah legislature 
does not recognize ; the water district 
should not have the burden of main- 
taining water in the river to maintain 
water levels of abutting land; to en- 
dow owners with such controls would 
not only impair the right of prior ap- 
propriators to use waters rightfully 
theirs, but would make it practically 
impossible to impound and use such 
waters. 


Idaho 

The necessity of proving all the ele- 
ments of adverse possession to estab- 
lish a prescriptive right was reaffirmed 
by an Idaho court (25), which ruled 
in favor of an irrigation district. 

The Mountain Home Irrigation 
District’s reservoir was supplied from 
Rattlesnake Creek. A private owner 
periodically dammed the creek to di- 
vert water to his private reservoir. 
The district's inspector testified that 
he knew of these diversions, but only 
broke the diversion dam when it was 
necessary to turn the water back into 
Rattlesnake Creek, and to fill the dis- 
trict’s reservoir. 

The court found the claimant had 
not shown the 5 years’ use of the wa- 
ter required by statute, and no pre- 
scriptive right was established because 
of the district’s apparent knowledge 
of the claimant’s takings of water. The 
decision emphasized that: “the policy 
of the law of Idaho is to secure the 
maximum use and benefit of its water 
resources.” 


Connecticut 

A contract between a water sup- 
plier in New York and another in 
Connecticut allocated the waters of 





the Mianus River, an_ interstate 
stream. The Connecticut utility’s ap- 
proval of the contract was attacked by 
the town of Greenwich. The Connec- 
ticut Supreme Court of Errors upheld 
the order approving the contract, be- 
cause the town had not proved that 
the commission acted illegally, arbi- 
trarily, or in excess of its authority 
(26). 
Virginia 

A town’s application for permission 
to erect a dam across Goose Creek to 
increase its water supply was approved 
despite opposition from the county, in 
London County v. Town of Fairfax, 
Va. Estimates indicated an increase 
in the town’s population from 1,946 
in 1950 to 15,000 in 1960 (27). Up- 
holding the commissioner’s finding in 
favor of the town, the Virginia Su- 
preme Court said that there was am- 
ple credible evidence that a public 
necessity or an essential public con- 
venience would be served. 


lowa 

Demonstrating that major water 
rights disputes can be intelligently 
solved by negotiation, Des Moines and 
West Des Moines compromised their 
differences over waters of the Reccoon 
River. The cities’ agreement allowing 
West Des Moines to withdraw speci- 
fied quantities of water was incorpo- 
rated in a court decree. Des Moines 
had opposed its sister city’s applica- 
tion for a permit from the Iowa Nat- 
ural Resources Council to take water 
from the fluctuating river supply, 
which was often sufficient one year 
and insufficient the next. West Des 
Moines also agreed to pay Des Moines 
for the use of certain facilities. 


Validity of Legislation 

The Kansas Water Appropriation 
Act, under attack in the courts many 
times since its passage in 1945, was 
held unconstitutional in 1957. The 
district court’s decision was one more 
step in the struggle that has been 
raging for years over rights to Equus 
bed waters in McPherson and Harvey 
counties, as between farmers and sev- 
eral smaller cities on the one hand 
and Wichita on the other. Forty-eight 
farmers and the cities of Newton, 
Hesston, Sedgwick, Burrton, Hal- 
stead, McPherson, Moundridge, and 
Inman appealed the state’s order of 
vested rights in Wichita. The basic 
issues were whether natural sub-irri- 
gation constitutes a beneficial use un- 


der the Water Appropriation Act and 
whether landowners can have vested 
rights to water for that purpose. 

In 1956, the U.S. Circuit Court of 
Appeals, in Baumann v. Smhra, held 
the act valid under the Constitution. 
On appeal, the US Supreme Court 
affirmed the finding. 

The current case again asserts the 
act violates the due-process clause of 
the 14th Amendment, The Baumann 
case involved the constitutionality of 
the 1945 act, whereas the current case 
involves the act as amended by the 
1957 legislature. The outcome should 
be of great concern to all Kansans, 
because the basic state law on water 
rights is at stake. 


New Mexico 

The modern water law of New 
Mexico authorizes the state engineer 
to enjoin anyone without a permit 
from drilling wells. 

In State v. King, King’s claim that 
he was pumping his own waters was 
rejected by the court, which found he 
was taking from the Roswell under- 
ground basin. Surface water becomes 
public water in an established under- 
ground basin, the court said; no one 
has the right to store private water 
in underground basins. 


Kansas 

A Kansas court held that a connec- 
tion charge made by a utility district 
is “confiscatory, unreasonable, unlaw- 
ful, and void” and enjoined the district 
from collecting it (29). The district 
supplied water to a subdivision and 
agreed by contract to make certain 
refunds to the subdividers. To raise 
money for the refund, it adopted a 
resolution establishing a connection 
charge of $175 for every house in the 
district. The court found that the 
charge applied only to houses in the 
subdivision, not the entire district, and 
that it bore no relation to actual cost, 
and was designed only to recoup a re- 
bate. “The trial court had the power 
to determine whether the connection 
charge was unreasonable and unfair,” 
the court said. The court’s power of 
review extends only to the question 
of fairness, however. The matter of 
fixing rates is exclusively legislative. 

The state auditor of Kansas refused 
to register $-0,000,000 in water reve- 
nue bonds of Water District No. 1 in 
Johnson County. He acted on the 
basis of an Attorney General’s opin- 
ion that the act authorizing the bonds 
was unconstitutional. 
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The auditor was ordered to register 
the bond issue when the Kansas Su- 
preme Court decided that the act does 
not violate the constitution (30). The 
small tax to pay preliminary expenses 
and revenue bonds payable from the 
district’s water revenues does consti- 
tute a taking of property without due 
process. 

The right given a board of county 
commissioners to create water dis- 
tricts in the public interest is not an 
improper delegation of power by the 
legislature, the court held. 


Ohio 

Ohio legislation requiring well drill- 
ers to keep logs and furnish a copy 
to the Division of Water was held to 
be constitutional in State v. Martin. 
“It is the duty of the state to control 
and conserve its natural resources for 
the benefit of all the inhabitants of the 
state,” the court of appeals said (31). 
It held the statute to be a reasonable 
exercise of police power. 


Texas 

Pursuant to a Texas statute, the 
State Board of Water Engineers de- 
nied the Southern Canal Co. applica- 
tion for a permit to appropriate pub- 
lic waters. (32). The lower court 
held that the constitution and statutes 
of Texas gave it no jurisdiction to 
review and set aside the board’s order. 

The Texas Court of Civil Appeals 
held that the provision that board or- 
ders should be reviewed again and 
determined by a rule of evidence other 
than the prevailing state rule violates 
constitutional separation of powers. 
The provision purports to give the 
court administrative responsibility, ac- 
cording to the opinion. The sever- 
ability theory was applied to save the 
rest of the statute. 

In San Antonio v. Bexar Metropoli- 
tan Water District (33), the Texas 
Appellate Court approved the city’s 
requirement that the district, at its 
expense, shall conform its water mains 
in the streets to improvements made 
by the city. 

The court. held that San Antonio 
had control of its streets by statute 
and charter and can regulate their 
use. The issue arose after San An- 
tonio had annexed the area, including 
streets, in which the district was lo- 
cated. 


Tennessee 
In Chandler Inv. Co. v. White- 
haven Utility District of Shelby 
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County (34), a subdivider within the 
utility district sought to contract with 
Memphis for water service. The util- 
ity district by statute had the ex- 
clusive franchise for water service 
within its boundaries and was re- 
sponsible for fire protection to the 
subdivision, if the developer depos- 
ited $88,000 for main extensions with 
the right to a 50 per cent refund. 

The court denied the subdivider the 
authority to purchase the mains from 
Memphis, because, in the absence of 
an express franchise provision to the 
contrary or a charter obligation, a 
utility district is not required to fur- 
nish water to each of its inhabitants 
or property owners. The right of an 
inhabitant to demand an extension of 
service is not absolute. It is deter- 
mined by the reasonableness of the 
demand under the given circum- 
stances and is a matter of discretion. 
The court pointed out that there had 
been no court determination that ad- 
ditional service was needed for the 
public convenience and necessity. The 
district is not required to lay mains 
at its own expense to serve the new 
subdivision. 


Michigan. 

The Michigan Supreme Court re- 
solved all constitutional questions in 
favor of the validity of the Michigan 
Drainage Law of 1956. The one legal 
obstacle remaining to the implementa- 
tion of the plans of the Royal Oak 
and other South Oakland County 
communities for solving their drain- 
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age problem is another case currently 
on appeal to the Michigan Supreme 
Court. 
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The longest line of 


PUBLIC WORKS 
EQUIPMENT 


entrifugal Pumps — Vertical or hori- 
zontal, for sewage and activated 
sludge. 

Vertical Turbine Pumps — Wide 
range of sizes. 

Blowers — For sewage aeration. 

Rotary Vacuum Pumps—For use with 
vacuum filters in dewatering sludge. 

Rotary Compressors — For compress- 
ing digester gas. 

Dryers — For sludge dewatering. 

Vibrating Screens — For removing 
solids from liquids; also in fertilizer 
manufacture. 

Sifters — For grading fertilizer. 

Roller Mills — For grinding fertilizer. 

Motors and Control — 
over | hp. 

Power Equipment — Steam turbines, 
condensers, pumps, water conditioning. 


For all drives 


The answer 


Electrical Equipment — Transformers, 
switchgear, circuit breakers, unit sub- 
stations, generators, voltage regu- 
lators. 

Engines — Diesel, gasoline and LP gas. 
Also generating sets. 


Tractors — Wheel, track-type and util-. 


ity. Also graders and earth moving 
equipment. 

Lift Trucks — For quick and easy hand- 
ling of materials. 

Valves — Butterfly and rotary types 
for water and Sewage Works appli- 
cations. 

Car Shakers — For unloading coal for 
power plants. 

Lime Treatment Equipment — For 
water softening plants. 

Compacting Equipment — For ferti- 


lizer plants. 


to all your 


Here's a new motor development that can save you money. 
This open-type Super-Seal motor ran for hundreds of hours 
under water .. . in a 4% brine solution. if you have had 
trouble with ordinary open motors and are considering 
splash-proof or enclosed types get in touch with Allis- 
Chalmers and ask about Super-Seal motors. 


needs 


There’s good reason why Allis-Chalmers is recognized as 
the leader in the public works industry. Nowhere else in 
the world will you find the convenience of a single source 
for so much public works equipment. 


One look at this long list reveals that Allis-Chalmers 
can help you solve any problem, whether your operation 
is a sewage plant, water works, municipal power plant, 
street and highway construction, or other projects. 


Imagine a line of pump sizes ranging in capacities of a 
few gallons per minute to huge 300,000-gpm units. And 
what a reputation they have. Not one centrifugal pump 
has ever failed to meet its guaranteed efficiency. 

Pumps are only a part of the extensive line of equip- 
ment manufactured by Allis-Chalmers. There are motors 
of every type for operating every size pump, and control 
for every motor. There is also every type of power gen- 
erating and power distributing equipment helping munic- 
ipalities all over the world to grow and prosper. 

Allis-Chalmers will help you analyze your problem 
and select the proper equipment for your needs. 


ALLIS-CHALMERS > 


a 
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Take advantage of Allis-Chalmers 
public works experience. Call your 
nearby A-C office, or write Allis- 
Chalmers, Milwaukee 1, Wisconsin’ 
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WATER WORKS EQUIPMENT.... 


Why you get MORE pump value 
when you specify Allis-Chalmers 


You draw on Allis-Chalmers wide experience 
in supplying pumps for public works . . . for 
expert engineering and application help. You 
get pumps made of best-quality materials, of 
heavy duty construction, of high-efficiency de- 
sign. Allis-Chalmers is the only company that 
offers you ‘“‘one source” responsibility, with a 
complete unit—pump, motor and control—all 
built to work together—all built by A-C. 


This installation in Harrisburg, Pa., shows one of the 
reasons so many municipalities choose Allis-Chalmers 
Type S pumps. The insert photo shows the installation as 
it was made in 1922. During the intervening years cost 
of purchased power has decreased in relation to other 
power costs and maintenance costs on the old turbines 


buying new units, the drives only were changed . . . from 
steam turbines to Allis-Chalmers electric motors. They 
are now good for many more years of low cost operation. 


‘ 


Aillis-Chalmers helps you . « « community, and with expansion comes rising 


costs in added sewage plant facilities and 
equipment. Allis-Chalmers experience in 


The sludge flow sheet shows the variety of 

Allis-Chalmers (shaded) equipment used to 

extract valuable by-products, and how many 

communities are applying them to cut plant 

Plan sewage disposal system cpumadinn Gums, diteuruee eet 
fertilizer defrays as much as two-thirds the 

to help pay for itself cost of plant operation. Digester gas is be- 

ing used to supply power and light needs. 


At the Metropolitan Sanitary District of Greater Chicago, West-South- Twelve 72-inch centrifugal pumps at the Racine Ave. Station, Sani- 
west sewage treatment plant, this 200,000 cfm, 8 psig, four-stage tary District of Chicago. They range in capacity from 375 te 500 cfs. 


axial is used as a base load machine. The centrifugals in the background They are driven by Allis-Chailmers synchronous motors, ranging in 
provide the balance of the capacity needed, and meet load swings. size from 1000 to 1750 hp. 





® 
City of Elyria, Ohio, uses 
four 12 x 10 inch Type $ 
double suction pumps 
driven by Allis-Chalmers 
squirrel cage motors. 
Three are rated 3500 gpm 
and one at 2800 gpm, 
against 330 and 320 ft 
heads. 


Colorado River Municipal 
Water District station has 
five Type $ pumps driven 
by Allis-Chalmers squirrel 
cage motors and control- 
led by the Allis-Chalmers 
metal-enclosed units 
shown on the right. 


All equipment shown in gray 
built by Allis-Chalmers. 
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ELECTRIC POWER EQUIPMENT 


«Generation 
e Distribution 
e Control 


Allis-Chalmers can supply a major percentage of 
all power generation, and electrical control and 
distribution equipment for public works. Included 
in the power generation line are steam turbine- 
generator units, surface condensers, condenser 
and boiler feed pumps, water conditioning service 
and equipment. 


The range of electrical products includes all 
types and sizes of motors from 1 to 100,000 hp 
and up, and control to suit every application. 


Allis-Chalmers indoor and outdoor high and low 
voltage switchgear provides maximum protection 
and fiexible control of power distribution circuits. 
All units are metal enclosed, factory built, so they 
need only be bolted in place and lines connected. 
Switchboards are custom built to fill your needs. 


A-C builds a complete line of power and distri- 
bution transformers. Most sizes can be cooled 
with either oil or Chlorextol non-inflammable 
liquid, or they can be of the air-cooled type. 


Load center, single circuit and multi-circuit 
unit substations are built in standard ratings to 
meet every application. They are completely 
factory built and can be installed adjacent to 
equipment being served. 


Allic-Chalmers manufactures a complete line of water- 
works and sewage plant control, including low and 
high voltage equipment, dc control, and special con- 
trol systems fo meet specific needs. 


Above are representative low-volt- 
age across-the-line starters. At right 
is a 2300-volt, metal-enclosed start- 
er with current limiting fuses. This 
starter can be supplied with either 
air or oil immersed contactor. 


Chlorextol is an Allis-Chalmers trademark. 


Allis-Chalmers 5000-kw, 3600-rpm WaA-Series steam turbine- 
generator unit with Allis-Chalmers switchgear in background. 
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Allis-Chalmers out-door substation protects 
electrical power supply for a pumping station. 


Load center unit substation in a Midwest plant. With this factory- 
assembled unit you get power right where you want it . . . with- 
out long runs of secondary wiring. 
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nearby A-C office, or write Allis- 
Chalmers, Milwaukee 1, Wisconsin. 
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EIMCO-PROCESS WATER TREATMENT EQUIPMENT 


Two of four SO ft. dia. and 55 ft. dia. solids contact Reactor-Clarifiers used for lime 
softening of well water at the Kaiser Steel Corporation Works, Fontana, California. 


THE EIMCO CORPORATION Eon Process Engineers Division 


Salt Lake City, Utah 420 Peninsular Avenue, San Mateo, Calif 


home office and factories: Salt Lake City, Utah 
export offices: 51 South Street, New York 5, New York 
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FLASH MIXERS AND CONTACTORS 














type VT 








1 to 15 HP vertical turbine units 

for blending coagulants with raw 
water and chemical mixing. Aerating 
tangential type for mixing 

pretreat chemicals with raw 

water also available. 














... CLARIFIERS 


Ewe = 
a. For pre-sedimentation of silt and sand 
or for settling after flocculation. Beam 
a supported units for tanks 20 ft. to 45 ft. 
a dia.; center column and traction types 
for tanks 30 ft. to 325 ft. dia. Types 
available for rounded-corner square 
tanks with cross-flow arrangement, 
side feed or center siphon feed with 


conventional overflow. ¥ 


typeCC 
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. FLOCCULATION MECHANISMS 














type VP 


Vertical paddle mechanisms in sizes 
6 ft. to 50 ft. Eliminate submerged 
bearing problems... 

no dry pits needed. 








i= 
| | type HP 


Horizontal paddle mechanisms in 
sizes to suit application requirements. 























EIMCO-PROCESS REACTOR-CLARIFIERS 


... combine coagulation and 
flocculation, sedimentation and 
sludge removal in a single unit. 
Standard rate, high rate and 
special purpose types available. 


types BF and CF—standard rate “letra 


Combines vertical paddle flocculation 
with clarification. Beam supported 
mechanisms for tank diameters 20 ft. 
to 45 ft. Center column units 30 ft. 
to 200 ft. dia. For turbid water 
clarification, algae and color removal. 
Feature uniform influent distribution 
and sludge thickening well. 
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types BFR and CF R—standard rate 2... — Combines slow speed turbine 


Oa” i=. flocculation and recirculation with 
clarification. Beam supported units 
for diameters 20 ft. to 70 ft. Center 
column units 30 ft. to 120 ft. dia. 
For turbid water clarification, 
lime-soda softening and other 
applications where large volume 
recirculation is beneficial. 
Special feature is annular sludge trough 
for improved thickening. 













































































Combines slow speed turbine 
flocculation and recirculation with 
upflow solids contact clarification. 
High rate units in sizes 15 ft. to 100 ft. 
dia. For lime-soda softening, light 
turbidity and algae removal. Features 
annular sludge trough for improved 
thickening, large volume sludge 
recirculation and solids contact with 
upflow sludge blanket clarification. 





























AUTOMATIC PRESSURE SAND FILTER PACKAGE PLANTS 


Simplified, compact, and completely automatic. Elimination of many of the 
valves and much of the piping that is ordinarily used in conventional plants of 
comparable quality means lower overall cost. Automatic operation 

greatly improves operating efficiencies and lowers operating costs. Features 
advanced, compact design, Multi-Port Master Valyes, and Verti-Cell Filters. 
Backwashing of filters operates automatically when loss-of-head 

through filter becomes excessive. Ideal for both large and small capacities, 

and for both municipal and industrial users. 
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dry chemical 
feed system 


For plants requiring 
pretreatment of more 
highly turbid waters, 
the automatic Verticell 
may be used. 
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automati¢ multiple cell 





Reactor-Clarifier 
pretreatment unit 


... OTHER WATER TREATMENT AND CONDITIONING EQUIPMENT 


Package treatment plants : Package softening plants 

Pressure filters : Anion-Cation demineralization units 

Iron, manganese and silica removal units 

Aerators : Carbonators : Sludge thickeners 

Chemical feeding and conveying equipment 

Steel or fiberglass launders and troughs : Special tanks and chambers 
Complete line of standard and special Eimco-Krogh pumps 





THE EIMCO CORPORATION , Ses Process Engineers Division 
Salt Lake City, Utah % —_— ce 420 Peninsular Avenue, San Mateo, Ca nia 
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Other equipment: Flotators : Flotator-Clarifiers : Flotator-Thickeners 
Automatic Variable Level Skimmers : Air Diffusers : Grit Separators 
Grit Washers : Oxidators : Chain Collectors : Reactor-Thickeners 
Multi-Clarifiers : Rotary Distributors : Cleanable Sight Glasses 
Digester Mixers : Gas Purifiers : Electronic Sludge Thickness Controllers 
Aerobic Digestion Plants : Continuous Vacuum and Pressure Filters 





Safety Costs Less 


by GEORGE C. SOPP 


Joint System Head & Asst. Mar., Dept. of Water and Power, Los Angeles, Calif. 


@ MopeRN FINANCING of water util- 
ity facilities requires a close look at 
operational costs. The industry is op- 
erating in an inflationary economy 
with rising costs of operation, rising 
costs of replacement and mainten- 
ance of equipment, and rising costs 
due to interest on money borrowed. 
In many cases these items have cut 
deeply into, or eliminated entirely, 
the profits of the company. Tech- 
nological improvements will bring 
expenses down in some areas. Elec- 
tronically supervised equipment just 
now coming into its own shows great 
promise in reducing operating ex- 
penses in the future. 

There still exists one other major 
problem of importance to water util- 
ities. This is the accident problem 
and here is one area where possibili- 
ties and opportunities still exist for 
effecting major economies. The ac- 
cident problem has increased with, 
and sometimes surpassed, general 
growth and those attendant problems 
already mentioned. 


Accident Costs 


As water utilities grew and ex- 
panded in the early stages of develop- 
ment, there was an accident problem 
—but not much attention was paid 
to it because it merely represented 
a part of the cost of doing business. 
Yes, even at that early date in our 
history the accident problem existed, 
but with one major difference, there 


were few civil suits to collect dam- 
ages and workmen’s compensation 
insurance was unknown. Costs of ac- 
cidents to the company were a minor 
factor and were accepted as an in- 
escapable cost of operation, while 
human suffering went largely unre- 
lieved and uncompensated. A work- 
man suffering from a permanently 
disabling work injury was, in many 
cases, summarily terminated to be- 
come a burden on society and his 
community. If the workman was for- 
tunate, he was relegated to the duty 
of gateman or night watchman, for 
rehabilitation programs were virtu- 
ally unknown. 

Today, accidents definitely are a 
major problem and according to the 
National Safety Council the cost to 


OFF-DUTY INJURIES, possibly by 
such improper use of tools, increase 
operating costs. 


the Nation reached the astronomical 
sum of 12,100,000,000 dollars in 
1958. This yearly national accident 
cost includes both on and off the job. 

Water utilities are paying a large 
part of the cost of off-the-job inju- 
ries, directly in dollars, indirectly in 
reduced employee efficiency, or both. 
Business and industry have awak- 
ened to the realization that an off- 
the-job injury is a definite factor in 
the cost of operation. 

The dollar costs of accidents 
penetrate into every phase of an or- 
ganization’s operation. Indeed, it is 
often the case that the true cost is al- 
most impossible to uncover. For ex- 
ample, a “minor accident” occured 
when two aircraft contacted one an- 
other on the ground while taxiing. 
The repair bill was $193. Man- 
agement knew there were hidden 
costs due to loss of revenue, idle 
equipment, “dead heading” of re- 
placement aircraft, and shifting of 
passengers and crews. When the real 
cost was brought into the open, it was 
found to be nearly $19,000 instead of 
the modest $193. which was all that 
showed on the surface. 

Nearly twelve billion dollars is a 
tremendous and needless price to pay 
for accidents, but this cost is only 
part of the picture because the great- 
est cost cannot be measured in mere 
dollars. 


Everyone has probably seen the ef- 
fect of the sickening impact and re- 
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sultant wreckage upon a home and 
family when a member of that fam- 
ily is seriously or fatally injured. 
These wounds and the many unmea- 
surable costs directly and indirect- 
ly connected with serious accidents 
affect every phase of community 
life. For instance, how many luxury 
items will a widow and her children 
buy from compensation payments? 


Calculating Accident Costs 


Accidents cut into an organization’s 
efficiency to an extent often not re- 
alized. It is an unfortunate fact that 
management in many companies does 
not actually know the safety per- 
pormance of its own organization, as 
compared with others in the same 
field. 

As an example, Ajax Water Com- 
pany has 100 employees. It experi- 
enced eight, lost-time injuries last 
year. This does not appear to be an 
excessive number and management 
may feel that no accident problem 
exists. Look at it another way. The 
safety performance of any organiza- 
tion can be closely calculated by using 
the frequency formula. When this is 
explored, it is often found that an ap- 
parently modest number of accidents 
actually reflect a greater frequency of 
accidents than the mining industry 
with its high degree of hazard from 
cave-ins and explosives, or the lumber 
industry which ranks with mining as 
one of the most hazardous occupa- 
tions. 

Accident frequency rates are cal- 
culated by multiplying the number of 
lost-time injuries by one million and 
dividing by the number of hours 
worked. This method is used because 
it can be applied to ten employees or 
ten thousand, and gives the number 
of injuries per million man hours of 
exposure. 


PLANNING FOR SAFETY must come from the top. Management gives thought in 
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If Ajax Water lost-time injuries 
are computed this way, it is found 
that the accident frequency is 39.84, 
a figure far above the hazardous oc- 
cupations mentioned previously. Ajax 
Water Company has an accident pro- 
blem, but is is hidden and goes un- 
recognized as such until the day a 
major accident awakens management 
to the seriousness of the problem; 
but unfortunately this may then have 
cost someone’s life. 


Source of Accidents 


Why has the accident problem in- 
creased? Because of a great number 
of factors. Technological advances, 
though increasing production and 
making work easier, have often cre- 
ated new accident problems. Instal- 
lations and modern facilities call for 
ever-increasingly heavier types of 
construction and equipment. Because 
of misuse, improper operation, and 
just plain thoughtlessness, many labor 
saving tools and appliances needless- 
ly take a heavy toll of human life. 

In the early days of the hand saw, 
it was unheard of for anyone to lose 
a finger or a hand. But today with 
the power-driven many “do it your- 
self’ enthusiasts and professional 
craftsmen have lost fingers, limbs, 
and even their lives from this one tool 
which can do the work of ten men 
using hand saws, but it can and must 
be used safely. 


The Safety Program 
Launched from the Top 


The question often arises at man- 
agement meetings, “What can we do 
about our accident problems?” Un- 
fortunately, there is no quick cure, 
no panacea that brings an immediate 
solution. This is the point where acci- 
dent problems diverge from the nor- 
mal operational problems of a water 


utility. In accident prevention you are 
primarily involved with human be- 
ings. There lies the difference. If a 
water distribution system needs im- 
provement, an engineer designs the 
necessary changes and installations on 
paper and the objectives of the proj- 
ect are virtually assured—the top ex- 
ecutive may give the project little or 
no attention because it is resolved 
satisfactorily at a lower level of super- 
vision. Not so with a safety program, 
for to effect any noticable improve- 
ment, top management must devote 
considerable time not only in plan- 
ning, but also by taking a position of 
active and vigorous leadership. Any 
improvement experienced in safety 
performance will be in direct propor- 
tion of effort exerted in this direction 
by management. 

A safety program could be com- 
pared with one of the space rockets. 
Not only is it necessary to provide a 
commanding force and a tremendous 
initial thrust to get the rocket off the 
launching pad, but there must be 
timely and continuing thrusts pro- 
vided to send it into outer space and 
achieve the objective. In getting a 
safety program under way, manage- 
ment must provide the thrust not only 
to launch the project but to sustain 
the program with its enthusiasm and 
active support. 

The first step in safety is a series 
of meetings embracing all levels of 
management to plan and lay out a 
program which will be comprehen- 
sive and vigorous enough to achieve 
the results desired. Developing and 
training safe workers is an elusive 
thing not unlike morale. It is a con- 
dition that cannot be accomplished by 
a directive or order no matter how 
firm or well stated. This again is a 
point where accident prevention dif- 
fers from usual water system prob- 
lems. 


planning (left). Supervisors exe- 
cg a by solving accidents in advance (center) and the Job Foreman applies principles and knowledge on the 
job (right). 





Good morale is necessary among 
employees, but it cannot appear over- 
night in any company. It is some- 
thing that is carefully developed and 
nurtured over the years, something 
that is planned and built into the phi- 
losophy and employee relations struc- 
ture of the company. 


Safety is the same in this respect 
because it too must be carefully, 
sometimes painfully, achieved after 
considerable effort and attention to 
detail by all levels of supervision. 
Safety and morale go hand in 
hand. An organization’s safety per- 
formance is a primary index of em- 
ployee morale, and often a good in- 
dex of production and efficiency as 
well. 


There are three major groups of 
accidents, and by examining each it 
may be more clearly seen how the 
twelve billion dollar National acti- 
dent cost develops. 


Equipment damage only 


The first type of accident involves 
damages to equipment, structures, or 
materials, and is usually not grouped 
with or considered as an industrial 
accident because no one is injured. 
However, in most instances investi- 
gation will show that only a fortu- 
nate combination of circumstances 
prevented a personal injury. Re- 
peated occurances will sooner or 
later result in injury. Too often the 
cost is considerable. 


Employee injury only 

The second type of accident is 
where injury to the employee is the 
only factor. Warehouseman may sur- 
fer a back injury from improper lift- 
ing—he is incapacitated for one day 
and incurs a cost to the company of 
$35. in medical expense and lost 
time. A laborer trips and falls into 
an excavation breaking his leg. The 
direct costs in this case for medical 
treatment and lost time amounts to 
$750. A pipe installer receives 
crushing injuries to his fingers and 
hand, when hoisting pipe. He is off 
duty for a five-day period and upon 
return he is assigned to light duty 
for three weeks. The cost of this 
accident is $190. 

This dollar cost for lost time and 
medical treatment is not excessive, 
but this is not all. The hidden and 
indirect costs will boost the total even 
higher. 


es 


EQUIPMENT DAMAGE, no one hurt, 
but time and money wasted by need- 
less accident. 


Liability for accident 


The third type of accident is one 
where the only injury or damage is 
to persons or property outside the 
company. An automobile in an acci- 
dent may receive only a broken 
headlamp, the driver is unhurt ; $1.80 
will make the car as good as new. 
But look at it from another angle. 
There, in front of the car, lies a dead 
child, struck down in a crosswalk 
by the vehicle. The whole picture 
changes—try to set a price on a 
child’s broken body. Carefully con- 
sider the cost in damages, cost to 
the parents in losing a child, and the 
cost of public confidence in the com- 
pany. 

Could the lack of safety instruc- 
tion or training by management have 
resulted in an incident like this? 
Management and supervision, like 
the captain of a ship, must bear the 
burden of responsibility for the ac- 
tions of others. If, by indifference 
or lack of interest on the part of 
management it fails to equip em- 
ployees with the necessary training 
and instruction to carry out duties 
efficiently and safely, then manage- 
ment is shirking its duty to the com- 


PERSONNEL INJURY when a boom 
collapses. This reenactment shows what 
happened when a helper took the 
wrong position to knock out fastening 
pins. 
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pany, the employees and to the com- 
munity being served. 


Combination Accidents 


There can also be varying combi- 
nations of the three types of acci- 
dents that can have far-reaching ef- 
fects on the operation and even fi- 
nancial success of a company. As 
an example, a few years ago an em- 
ployee became caught in a large 
grinding and extruding machine in 
a plant engaged in the production of 
dry animal foods. The employee 
whose leg was mangled severely, was 
trapped and held in the hopper of 
the machine. In order to free the 
injured man it was necessary to actu- 
ally destroy the machine by breaking 
away large pieces of casting with 
sledge hammers. The worker was re- 
leased and after being hospitalized, 
he ultimately recovered. 


The company itself, however, al- 
most failed to recover from this sing- 
le accident. The machine involved 
was not only beyond repair but re- 
placement required several months’ 
time. The damaged machine was the 
key to the entire production set-up, 
so the plant was shut down com- 
pletely. The ensuing period of wait- 
ing with a large part of the overhead 
continuing almost resulted in finan- 
cial failure. When production was 
finally resumed, many customers had 
gone over to competitors for their 
needs. This company felt the effects 
of this one accident for several years 
afterwards. 


The examples given are not iso- 
lated or uncommon occurrences. The 
possibility of picking up any major 
newspaper for two days in a row 
without reading of a similar accident 
happening to someone is doubtful. 
It boils down to this—there is actu- 
ally no practical limit to the cost of 
an accident. 

The aforementioned accidents ap- 
parently all resulted from human fail- 
ure. Eighty-five percent of all acci- 
dents are caused from human error. 
In the remaining 15 percent, there 
is a portion caused by unsafe con- 
ditions and unsafe equipment (which 
is the direct responsibility of manage- 
ment) which also serve as a contrib- 
uting factor in a large portion of the 
85 percent. 


Fire is industrial accident 
Fire prevention and protection of- 
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ten receive little attention in other- 
wise well-integrated safety programs. 
However, a fire is just as much an 
industrial accident as when a worker 
hurts his finger on a grinding wheel. 

A few years ago, the management 
of a large manufacturing plant re- 
ceived warnings from the local fire 
department and the fire prevention 
engineers of their insurance carrier. 
Both agencies pointed out that great 
danger of fire existed because of im- 
proper handling of solvents and vol- 
atiles used during the manufacturing 
processes. The warnings went un- 
heeded. Shortly afterwards a weld- 
er’s torch started a small fire which 
quickly involved the entire plant. The 
fire and resulting explosions reduced 
the buildings to rubble, claimed seven 
lives and shut the plant down com- 
pletely. Property loss alone amounted 
- to over half a million dollars. 

A successful safety program re- 
quires continuous training and edu- 
cation of all levels of supervision in 
order to reduce accident frequency 
and severity. Furthermore, if a com- 
pany is to reach the ultimate goal 
of zero frequency, this will require 
the enlistment and active participa- 
tion of every employee for the safety 
chain is no stronger than its weakest 
link. 


A Functioning Program 


The Water System of the Los An- 
geles Department of Water and Pow- 
er has a very effective seven-point 
safety program which has functioned 
for a period of three years to bring 
about a definite and measurable in- 
crease in safety performance. Brief- 
ly, the program consists of : 
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1. Weekly trenchside or yaid safety meet- 
ings. The procedure is to provide material 
pared by the Department or obtained from 
the various safety agencies pertaining to the 
work operations performed. The talks or sub- 
jects are presented by the foreman to his 
crew each week in meetings lasting from five 
to fifteen minutes. 

These are not just “bull” sessions, 
but are carefully planned meetings 
using material designed to change at- 
titudes and develop safety conscious- 


ness in every type of employees. 


2. A policy of holding six management 
meetings yearly for discussion of the weekly 
er topics and to advise foremen on the 
most effective means of presentation. 


3. An organized system of job instruction 
for new employees including adequate train- 
ing in use of tools, equipment, proper lifting 
methods, the use of safety equipment and 
materials, and any other phase of safety rip 
nent to the work the new employees wi 
counter. 

Proper instruction and insistence 
upon adherence to established rules 
in the Department Safety Manual 
help the new employee to realize the 
importance of safety and accept the 
responsibility to perform his work 
in a safe manner. The foreman is 
required to continue individual train- 
ing of his new men in safe work 
practices for at least a six-month 
period. 


4. The foreman is required to assemble his 
crew after an accident occurs, discuss with 
them the cause of the accident and how it 
could have been prevented. 

Quick dissemination of accident in- 
formation is in itself enough to pre- 
vent an immediate recurrence. Time- 
ly information concerning an acci- 
dent is carried by supervision to all 
other crews performing similar work. 


5. Establishment of safety —— com- 
posed of all levels of supervision whose duties 
are to investigate all major accidents and de- 
termine the preventive measures needed to 
initiate remedial action. 


This is one of the best points in 
a safety program as it brings a great- 
er number of supervisors into active 
participation. To neglect the investi- 
gative phase of the program is to 
leave the path wide open for recur- 
rences of the same accident. If the 
company has already bought or is 
paying for one accident, why con- 
tinue to pay for accidents of a like 
nature ? 

6. An eye-catching bulletin board is 
mounted on the side of ea bea arn 
man days worked without lost-time injury, a 
the figures are changed daily. 

This is of tremendous value be- 
cause this sign is a daily reminder 
to the crew of their safety achieve- 
ment, and sharpens their interest in 
keeping the total growing. When an 
accident does happen, there is real 
disappointment at seeing the total re- 
turn to zero. No small part of the 
effectiveness of this display is the 
public relations aspect which is ob- 
vious. 

7. The award of a plaque to each crew 
working a year without lost-time injury. 

These last two phases of the pro- 
gram promote employee interest in 
their safety program and their efforts 
are tangibly recognized by manage- 
ment in the presentation of the award. 


Summary 


What price safety? What price a 
human life? Characteristically, Amer- 
ica has always placed a high value 
on a human life. During World War 
II, the cost of searching for and sav- 
ing a downed pilot involved hundreds 
of thousands of dollars, in many in- 
stances. Recall some of the gallant 
rescues of men, women and children 
over the past years, instances where 
people were grasped from the very 
jaws of death without a thought for 
the expense involved. Industry has 
always unstintingly thrown valuable 
equipment and manpower into a res- 
cue effort when needed, with no re- 
ward other than that of saving a life. 

In spite of industrial mechaniza- 
tion and the advance of automation, 
the people of the water utility indus- 
try—the workers—are more impor- 
tant today than ever before because 
of their operating know-how and tech- 
nical skill, as well as for the training 
which utilities have given them. It 
costs industry hard dollars when 
workers are not on the job. 

What price safety? “The price of 
safety is eternal vigilance”. 





Sewage Works Safety 


by C. E. KEEFER* 


Sewerage Eng., Bureau of Sewers, Department of Public Works, Baltimore, Maryland 


® For MANY YEARS the safety of 
personnel has been a major concern 
of all types of industry. Management 
long ago realized that safety measures 
result in overall economy resulting 
from reduction in lost time and suf- 
fering. Just as industry has found 
it worthwhile to promote safety, the 
City of Baltimore has found it advan- 
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tageous to carry on a safety program 
to protect and benefit its employees. 

In 1937 the program was initiated 
in Baltimore under the direction of 
a safety supervisor. A clinic with a 
physician and a nurse was provided, 
for examining injured employees 
and giving first-aid. In the case of 
severe accidents the employee is taken 
to the nearest hospital in an ambu- 
lance. 





g 





00,000 hr. worked 
§ 


waka 


GS ee 


5 se — 





Frequency rate—No. of injuries 


worked 





Severity rote-Days lost per | million hr. 





° 


FIG. |. ACCIDENT STATISTICS since 1940 


This paper relates to the safety 
program carried out since 1937, 
under the general direction of the 
Division of Disability and Compen- 
sation Baltimore Bureau of Sewers. 
Shortly after this division was 
formed, safety committee of eight 
members with the author as chair- 
man, was appointed to supervise a 
safety program for the Bureau of 
Sewers. 

This committee holds bimonthly 
meetings. At these meetings safety 
policies are established, the causes 
of all injuries to employees that re- 
sult in a loss of time are reviewed 
and steps initiated to eliminate these 
causes. Motion pictures that illustrate 
safety procedures are shown and 
topics such as fire prevention, the 
proper use of tools, hazards involving 
the use of electricity, the care and 
use of ladders, the precautions to take 
when working around explosive and 
poisonous gases, safety associated 
with the use of automobiles and 
trucks, the sheeting of pipe trenches 
and many kindred subjects are dis- 
cussed. 

In addition to the foregoing eight- 
man committee there are three sub- 
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FIG. 2. FACILITIES to give maximum protection to men working in the 


committees. One directs the safety 
program relating to the operation 
and the maintenance of the sanitary 
sewers and the storm drains. The 
second deals with safety at the Back 
River sewage-treatment works, and 
the third is in charge of safety at the 
sewage and drainage pumping sta- 
tions. The membership of the sub- 
committees consists of foremen, me- 
chanics and laborers. At the sub- 
committee meetings hazardous con- 
ditions and the ways of eliminating 
them are discussed. Moving pictures, 
that depict some topic of safety, are 
sometimes shown. Talks on safety 
by the foremen or the supervisors 
are often scheduled. All of the em- 
ployees are encouraged at these meet- 
ings to discuss any phase of safety 
and particularly to point out any 
hazardous conditions or unsafe opera- 
ting procedures which they have ob- 
served. 


Progress 

Since the safety program was in- 
itiated in 1937 a great deal has been 
done to eliminate hazardous work- 
ing conditions. Pipe rails have been 
erected along the top of tank walls 
and open pits. Additional lighting 
has been provided at places where 
it was previously inadequate. Plat- 
forms of adequate size have been in- 
stalled so that employees can operate 
and maintain equipment with greater 
ease and safety. Stair treads have 
been coated with non-skid materials 
to prevent slipping. Grind stones 
and power saws have been provided 
with guards to protect the mechanics 
using them. Employees have been en- 
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couraged to wear safety shoes, and 
metal foot guards are provided where 
there is danger of dropping heavy 
objects. When doing certain kinds 
of work employees are required to 
wear safety goggles and eye shields. 
Safety hats are furnished men who 
work in trenches and other hazardous 
places. Gloves and mittens are sup- 
plied to protect workmen’s hands. 
Gas masks and rescue breathing 
units are available where chlorine 
is used and when there is inadequate 
oxygen. Respirators are supplied 
men working in dusty atmospheres. 
Non-sparking tools are available in 
case work is done in the presence of 
explosive gases. 

To stimulate safety at one of the 
sewage pumping stations where a 
number of men worked, a box was 
provided, into which employees could 
put written suggestions pertaining to 
safety. The use of this box not only 
aroused added interest in safety but 
also resulted in many worthwhile 
safety ideas being suggested. 

The superintendent of this station 
kept a careful record of every ac- 
cident. At the end of each year he 
prepared a chart, which indicated the 
number of accidents during the year. 
This chart was posted on a bulletin 
board for the workmen to examine. 
If there were no lost-time accidents 
during the year, a gold*star was af- 
fixed to the chart. For each month 
during which there were no lost- 
time accidents, a silver star was 
posted on the chart ; and if there was 
one or more lost-time accidents dur- 
ing any one month, a red star was 
posted. 


Safe Design 


It is not the intent to discuss the 
relationship between the good design 
of facilities and occupational hazards 
other than to point out a few general 
principles and their applications. 
Good design has an important bear- 
ing on the safety of sanitary sewers. 
It is desirable that the grades of these 
sewers be such that the velocities 
will be sufficient to prevent the de- 
position of solids and the formation 
of hydrogen sulfide, a gas as poison- 
ous as hydrogen cyanide. 

Good ventilation in sanitary and 
combined sewers is essential. This 
requirement can be obtained if one 
or more holes are provided in man- 
hole covers and if each building 
which is connected to the sewerage 
system has one or more untrapped 
house stacks. 


Pumping stations and the buildings 
at sewage-treatment works should be 
of fireproof construction. All elec- 
trical equipment and electrical con- 
struction should conform to the 
National Fire Underwriters Code. 
Electrical equipment should be ex- 
plosion proof in the suction wells 
of pumping stations and in all places 
where atmospheres could contain ex- 
plosive gases. Fire extinguishers 
should be provided and regularly in- 
spected in buildings where fires may 
occur. Adequate lighting is essential 
both in buildings and outdoors a- 
round tanks, deep pits, etc. Hand- 
rails along the tops of tank walls, 
suction wells and stairways are es- 
sential. 


Accident Statistics 


The accident statistics from 1940 
to 1958, inclusive, for the Bureau of 
Sewers are given in Table 1 and 
Figure 1. During this period there 
was an increase of personnel from 
365 to 487 and in the time of ex- 
posure to accidents from 706,425 to 
1,054,795 hours, an increase of 33.3 
and 32.8 per cent respectively. Data 
relative to two groups of accidents 
are given: those where there was no 
time lost and those of a more serious 
nature where the employee was away 
from work one or more days as the 
result of an injury. The number of 
accidents requiring medical treatment 
where no time was lost varied from 
a minimum of 35 in 1943 to a max- 
imum of 150 in 1957. More important 
than the number of accidents that 





occurred annually where no time was 
lost was the rate of frequency of ac- 
cidents. The frequency rate is the 
number of injuries per 1,000,000 
hours worked. During the 19 year 
period the frequency rate has aver- 
aged 103.65 with a minimum of 63.53 
in 1943 and a maximum of 131.39 in 
1957. More significant than the cases 
where no time was lost were those 
where the employee was incapacitated 
for one or more days. The number 
of these accidents varied from a 
minimum of 14 in 1944 to a max- 
imum of 38 in 1949 with an average 
of 22.3 for the 19-year period. One 
accepted way of evaluating these 
lost-time accidents is to determine 
the severity rate, which is the number 
of days lost per one million hours 
worked. The severity rate has varied 
widely from a minimum of 139 in 
1948 to a maximum of 11,426 in 
1953. The high severity rates in 
1950 and in 1953 are due to one 
fatal accident in 1950 and two in 
1953. 

When accidents are analyzed, it 
is evident that the vast majority of 
them can be prevented. Many ac- 
cidents result from management not 
providing the proper working con- 
ditions or supervision; many on the 
other hand result from the careless- 
ness of the worker himself. Three 
serious accidents, two of which were 
fatal, will be discussed. Two of these 
occurred at the Eastern Avenue sew- 


FIG. 3. AIR SAMPLES sitettedhy aides at several Fiatata in the treatment 
= building are pumped to this combustible gas analyzer which rings an alarm 


it detects an explosive gas 


age pumping station and the other 
one at the Back River sewage-treat- 
ment works. 


Accident Experience 

The non-fatal accident, which oc- 
curred at the Eastern Avenue sew- 
age pumping station was the result 
of an employee drinking a small 
quantity of carbon tetrachloride. One 
very hot night while he was working 


in the coal tower of the building, he 
noticed a quart milk bottle, which he 
thought contained water but which 
contained carbon tetrachloride. This 
fluid had been used to clean one of 
the conveyor belts in the station. He 
claimed that he took one or two swal- 
lows of this chemical to quench his 
thirst. As a result of this accident he 
was hospitalized but eventually re- 
covered. He was awarded $15,000 by 
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ACCIDENT STATISTICS, BUREAU OF SEWERS, BALTIMORE, MD. 





— 
Employees 7 i ° 


Medical Treatment cases 
(No time lost) 


Frequency 


rate Number 


Frequency 


Disabling Injuries 


Severity 
rate 


Days 


rate lost 





1940 365 
1941 423 
1942 347 
1943 254 
1944 232 
1945 245 
1946 294 
1947 342 
1948 382 
1949 435 
1950 
1951 448 
1952 448 
1953 
1954 
1955 
1956 
1957 
1958 


706,425 
829,661 
696,292 
566,689 
520,193 
552,643 
664,560 
795,400 
890,300 
982,429 
1,024,095 
1,061,007 
1,088,631 
1,021,863 
1,115,856 
1,168,369 
1,151,850 
1,141,611 
1,054,795 


104.75 15 
124.15 2! 
100.53 15 
63.53 16 
69.20 14 
94.09 17 
85.77 26 
105.60 19 
88.73 22 
125.20 38 
100.57 26 
105.54 
114.96 
98.84 
123.67 
118.97 
125.88 
131.39 
91.01 





Average 


21.23 202 285 
25.31 284 342 
21.54 2,386 3,427 
28.23 236 416 
26.91 119 229 
30.76 347 628 
39.12 275 414 
23.89 168 211 
24.71 124 139 
38.68 1,993 2,029 
25.39 6,308 6,160 
22.62 271 255 
19.29 6,241 5,733 
19.57 11,676 11,426 
25.09 259 232 
21.40 3,608 3,088 
24.3! 371 322 
22.77 i 597 523 
20.85 2,975 2,820 





103.65 


25.35 2,035 
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FIG. 4. ELEVATED PLATFORM to provide safe access to the cone valve. 


the State Accident Commission. 

This accident emphasized two 
things: first, milk bottles should not 
be used to store miscellaneous 
liquids; and secondly, carbon tetra- 
chloride. is a poison, which is ab- 
sorbed by the skin and the fumes 
from which are most dangerous. The 
use of this material has been discon- 
tinued, and in its place chlorothene 
is used, a much less poisonous ma- 
terial. All containers in which chloro- 
thene is stored are clearly marked 
“poison.” 

The second accident, which was fa- 
tal, also occurred at Eastern Avenue 
pumping station. In the boiler room 
of this station there are five over- 
head coal bunkers, each of which 
holds 250 tons and is 17 x 33 ft in 
plan at the top. The side walls of 
each bunker taper to an opening 18 
in. square, through which the coal 
discharges to the furnaces of four 
steam boilers. Frequently the coal 
forms an arch above the outlets of 
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the bunkers, restricting the free flow 
of coal. To remedy this condition 
two laborers would enter the top of 
the bunker to agitate the surface 
of the coal until it discharged from 
the bunker. 

On one occasion when the flow 
of coal from one of the bunkers had 
practically stopped, two laborers were 
directed to go into the top of one of 
the bunkers to get the coal to flow 
again. One of the men climbed the 
stairway to the top of the boiler room 
and stepped over the wall of the 
bunker on the coal. That was the 
last time he was seen alive. A few 
minutes later the second man fol- 
lowed him up the stairway. When he 
got to the top, the first man was 
nowhere to be seen. Upon entering 
the coal bin the first man had un- 
doubtedly disturbed the coal while 
walking on it with the result that 
he was inundated by a mass of coal. 
It was not until sometime later, 
after several hours of frantic effort, 


that his body was recovered from 
the outlet of the coal bin. 

This fatality taught a few very 
important lessons, one of which was 
that certain important safety proce- 
dures had not been followed. After 
this accident no one was allowed to 
enter the coal bin without wearing 
a safety belt of a proper design, to 
which was attached a rope with two 
men holding it. 

The third accident, which also cost 
a man his life, occurred in one of 
the buildings at the Back River sew- 
age-treatment works where the final 
effluent was chlorinated. The oper- 
ator, who was the only man in the 
building, regulated the chlorinating 
equipment and made his tests on a 
gallery, which was 14 ft above a 
lower floor. There was a pipe railing, 
3 ft high around the edge of this 
gallery. Immediately adjacent to 
this railing there was a large table 
the same height as the railing, on 
which the operator kept his records 
and made his tests. One night it 
appears he climbed on the table, went 
to sleep, and rolled off the table over 
the railing to the floor below. His 
body was found some hours later. 
The State Accident Commission re- 
viewed the case, ruled that the op- 
erator had not been adequately super- 
vised and required the City to pay 
compensation to the man’s widow. 

Accidents such as these emphasize 
the fact that constant vigilance can 
never be relaxed if accidents are to 
be prevented. New employees who 
perhaps have never been exposed to 
accident prevention programs should 
receive instructions as to the hazards 
associated with their work, and the 
activities of long-time employees 
should be supervised to see that they 
follow proper working procedures. 
Every supervisor should always be 
on the alert to detect unsafe working 
habits and to assure himself that the 
equipment and the environment in 
which men work is conducive to 
safety. 

The adoption of a comprehensive 
safety program in the Bureau of 
Sewers has been most worthwhile. 
The safe way of performing any 
operation has been found in the long 
run to be the most efficient way. The 
reduction in accidents has resulted in 
a saving to the taxpayer and in a 
decrease in suffering. Following the 
principles of safety has demonstrated 
its great value. 





FUNCTIONAL OPERATIONS 


| he THE FIELD of sanitary engi- 
neering, there are several opera- 
tions which are fundamentally the 
same for water, sewage, or industrial 
waste treatment works. These opera- 
tions, which may be termed func- 
tional, include: Pumping, Electricity, 
Flow Measurement, Instrumentation 
and Control, Chemical Handling and 
Feeding, Coagulation and Sedimenta- 
tion, Corrosion Control, Laboratory 
Control, and Maintenance. 


Pumping 

Liquid will move from one point 
to a lower point under the influence 
of gravity, but will not move in the 
reverse direction without energy 
being expended to move it. Gravity 
flow is utilized in sewers and in some 
water distribution systems, but in 
most water works, pumps are re- 
quired to provide the pressure neces- 
sary to deliver the water to the con- 
sumer’s tap. 

In sewage works, pump lift sewage 
from one sewer to a higher one, or 
from an interceptor to a treatment 
plant at a higher elevation. Pumps are 
also used to lift water from wells and 
to pump air, chemical solutions, 
sludge, gas, etc. The design of a 
pump will depend on the material to 
be handled, suction lift, discharge 
head, operating conditions and effi- 
ciency desired. 


Electrical Equipment Operation 


Today, most pumps are operated 
by electrical motors. Electricity also 
operates instruments, controls, sig- 
nals, communications, chemical feed- 
ers, and lighting systems. Electricity, 
and its potentialities and properties, 
is necessary to the operation of any 
water, sewage or waste treatment fa- 
cility. Equally important are electrical 
motors which operate pumps and 
other equipment. 


Flow Measurement 


Where volumes of liquids or other 
substances are moved from one point 
to another, it is desirable to know, 
not to guess, the quantity of material 
handled. Reasons for flow measure- 
ment include: To provide data and 
information on plant production; to 
provide information on operation effi- 
ciency ; to control unit operations ; to 
ascertain quantity of water sold or 
volume of sewage treated; to deter- 
mine costs of operation; and to pro- 


vide permanent records of operation. 

Points of flow measurement should 
be set up wherever measurement of 
volume in motion will produce infor- 
mation to satisfy any of the reasons 
for flow measurement. The more 
completely metered a water or sew- 
age plant, the better and more eff- 
ciently it can be operated. 


Instrumentation and Control 


Instruments, sometimes called re- 
ceivers or secondary instruments, are 
devices which indicate, record or to- 
talize some function of operation 
which is being measured. Flow, levels, 
pressure, loss of head, temperature, 
etc., are conditions of operation which 
may be shown or recorded on a sec- 
ondary instrument. Indicators show 
conditions at the moment of observa- 
tions, recorders give a permanent and 
continuous record on a chart showing 
conditions as they existed at any mo- 
ment. Totalizers give a numerical 
summation, to the moment of obser- 
vation, of quantities in motion. 

Closely coupled with instrumenta- 
tion is the matter of control. Control 
of flow, control of chemical feeding 
dosage, centrol of filter operations, 
control of treatment operations are 
all essential to proper operation of 
water, sewage or waste treatment fa- 
cility. Control can be obtained by the 
use of devices which operate in con- 
junction with or in direct response to 
flow measuring devices and their sec- 
ondary instruments or in conjunction 
with other operating devices and in- 
struments. The high cost and weak- 
nesses of manual operating proce- 
dures can be greatly reduced by the 
use of instrumentation and control. 


Chemical Handling and Feeding 


Whenever water, sewage or wastes 
require chemical treatment of any 
kind, the plant operator is faced with 
the problems of handling and storage 
of chemicals, and with adding the 
proper amounts of chemicals to pro- 
duce the treatment desired. 

Chemical handling begins with the 
receipt of a shipment of chemicals 
and ends with the introduction of the 
chemical into a chemical feeder. 
Chemical feeding involves the oper- 
ation of a device to add controlled 
amounts of the chemical to definite 
volumes of liquid. Control of chemi- 
cal dosage according to the needs of 
treatment and flow to be treated is 


accomplished by chemical feeders de- 
signed for the purpose and controlled 
by a flow measuring device, or manu- 
ally. Different types of chemical feed- 
ers are designed to feed solids, liq- 
uids or solutions, and gases. The 
selection of chemical feeders depends 
on a study of type of installation, 
treatment required, chemical used, 
dosage range, control, etc. 


Coagulation and Sedimentation 


Removal of suspended solids is 
necessary in surface water supplies, 
water softening operations. This op- 
eration involves sedimentation, which 
may take place in rectangular or cir- 
cular tanks, usually equipped with 
mechanical devices for the removal 
of the settled material. 

Design of sedimentation tanks is 
related to rate of flow, rate of settling 
of particles, detention times and facil- 
ities for removal of solids. Operation 
is controlled according to loading, 
both as to liquid and solid volume. 

When solids in a liquid are too fine 
to settle easily by themselves (i.e., 
bacteria, colloids, etc.), chemicals may 
be added to create floc which will 
settle and sweep out the fine particles. 
Coagulation is controled by analysis 
of the liquid and the proper dosage of 
the coagulating chemicals. 


Corrosion Control 


Since water is almost a universal 
solvent, its presence creates the prob- 
lem of corrosion. Under certain con- 
ditions almost all metals will corrode 
or be attacked, as will concrete. In 
many cases corrosion may become a 
serious problem in water or sewage 
works. It can be controlled or pre- 
vented in various ways. The control 
may involve protective coatings, or 
chemical treatment of the liquid to 
reduce its corosive properties. 


Laboratory Control and Maintenance 


While the actual laboratory tests 
made in water plants may differ from 
those in a sewage works, the funda- 
mentals of analytical chemistry and 
bacteriology are used in the opera- 
tion of a control laboratory. Labora- 
tory control can improve plant oper- 
ations and the quality of the effluent, 
and often reduce costs of operation. 

Maintenance, particularly preven- 
tive maintenance, reduces operating 
costs, improves efficiency and length- 
ens the life of equipment. 
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Electrical Switchgear 


in Sewage Treatment plants 


by R. N. WILSON 


Application Engineer Switchgear, Allis Chalmers Mfg. Co., Milwaukee, Wis. 


@ THE GROWING TREND toward 
increased use of the load-cen- 
ter principle in the electrical distribu- 
tion systems of sewage treatment 
plants should prompt an examination 


of the four most common basic load- 
their 
economy, and reliability factors. 


center circuit arrangements, 


While the application of switch- 
gear to sewage plant power distribu- 


DISTRIBUTION BUS 2.4 ~ 13.8 KV 


tion systems involves many factors 
which cannot be adequately covered 
in a single article, a general survey 
of modern practices in such systems 
should be helpful to the plant en- 
gineer. 


DISTRIBUTION BUS 2.4- 13.8KV 
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FIG. 2. THE SECONDARY selective system 


FIG. 1. A MODERN RADIAL distribution system 
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FIG. 3. SECONDARY NETWORK SCHEME 


Simple Radial System 


The most common arrangement is 
the simple radial system (Fig 1) 
which has only one primary feeder 
and one transformer through which a 
given secondary bus is supplied. With 
adequate equipment properly in- 
stalled, this system is safe, economi- 
cal, easy to operate and flexible. 

While the primary cable and non- 
inflammable liquid-filled transformer 
in the simple radial system have a 
high degree of reliability, approxi- 
mately one failure per mile per 
hundred years for the former and 
one failure for every 2500 trans- 
former years, its chief disadvantage 
is the complete de-energization of 
the load area for maintenance. 

To avoid de-energizing the load 
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FIG. 4. PRIMARY SELECTIVE SYSTEM 











area during scheduled shutdowns and 
to obtain greater flexibility, the 
simple radial system can be modified 
with a normal open tie breaker be- 
tween pairs of double-ended substa- 
tions to form a secondary selective 
arrangement (Fig 2). 


Secondary Selective System 


During normal operation, each sub- 
station of this type system services 
its own load area independently as 
in a straight radial system. In case 
of an outrage of one primary feeder 
or transformer, the transformer sec- 
ondary breaker of the de-energized 
substation is opened and the tie 
breaker is closed allowing the en- 
ergized transformer to feed both 
load areas. 

Since the secondary selective sys- 
tem operates normally as a simple 
radial, it is as safe, easy to operate 
and uncomplicated as the radial. 
However, it may be from 5 to 75 
percent costlier, depending upon the 
reserve transformer capacity re- 
quired. 

The straight radial and secondary 
selective systems are used in most 
sewage treatment plant load-center 
distribution systems. 


Secondary Network 


The third basic load-center system 
circuit arrangement is the secondary 
network (Fig 3) which is used in a 
relatively small number of installa- 
tions due to its higher cost. However, 
it does have certain advantages which 
could justify the larger investment. 
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This system differs from all others 
in that all substation transformers 
are operated in parallel and, in the 
event of a primary feeder or trans- 
former fault, automatically switches 
off the faulty circuit. This system 
has the main advantage of allowing 
large load shifts between substations 
without appreciably increasing the 
load on any one transformer. 


Primary Selective System 
The.primary selective system, ( Fig. 
4), the fourth basic arrangement, 
differs from the other three in that 
two primary feeders are brought to 
each substation. This system provides 
service to the load-center substations 
in event of a primary cable failure. 
Its use may be desirable where load 
centers are widely dispersed and pri- 
mary cables are located in areas 
where they are subject to damage. 


Substations 


Basic component of the load- 
center system with secondary volt- 
ages 600 and below is the load 
center unit substation. A load center 
substation consists of incoming line, 
transformer and secondary distribu- 
tion feeder sections. 

The incoming line section may be 
metal-clad drawout switchgear, a 
fused or unfused magnetizing cur- 
rent or load break switch, an oil cut- 
out, or a junction box. The trans- 
former may be oil-filled, non-inflam- 
mable liquid-filled, ventilated dry 
type or sealed dry type. The second- 
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FIG. 5. BASIC BUS ARRANGEMENT 
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ary distribution section is normally 
metal-enclosed drawout switchgear 
with a large air circuit breakers. 

Selection of load-center switch- 
gear must be coordinated with the 
primary feeder system and the sec- 
ondary feeder circuits to insure use 
of breakers with adequate interrupt- 
ing and continuous current ratings. 
After the correct beakers are chosen, 
the number of feeder breakers are 
selected on the basis of load rquire- 
ments. 

Transformer secondary or main 
breakers are often used for feeder 
back-up protection, for quick de-en- 
ergization of all feeders in case of 
emergency, and for future expansion 
to transform a radial to a secondary 
selective system. In some cases, large 
air circuit breakers are used for 
motor starting if the starting duty is 
not repetitive. 

Regardless of the load-center cir- 
cuit arrangement, metal-clad drawout 
switchgear provides the vital link be- 
tween the power source and the load- 
centers. In every primary circuit ar- 
rangement it provides short-circuit 
and overload protection to the pri- 
mary feeder cables and the load- 
center transformers. 

The basic bus arrangement con- 
sists of one source breaker and two 
or more feeder breakers (Fig. 5.) Any 
other arrangement is used mainly to 
improve service reliability to all or 
part of the load during scheduled out- 
ages or in the event of source or 
equipment failure. 
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FIG. 6. TWO SOURCE SECTIONAL BUS 


A common variation of the basic 
primary bus arrangement is the two 
source sectionalized-bus (Fig. 6.) 
Here the bus tie is operated normal- 
ly open and each source breaker sup- 
plies one half of the bus. If one source 
fails or is shut down for maintenance, 
the source breaker is operated, the tie 
breaker closed allowing the other 
source to supply all of the bus. This 
arrangement is similar to the second- 
ary selective system and is simple, 
safe and easy to operate. 


Short Circuit Protection 


An example of how to determine 
the magnitude of short-circuits is to 


be found in the single line diagram 
of a radial distribution system from 
the source to the load side of a feeder 
in the load-center unit sub-station 
(Fig. 7.) 

In this instance, the power com- 
pany calculated the available short- 
circuit at the point of entrance to the 
plant as 100,000 kva. This figure was 
arrived at by calculating the fault 
currents available from all of the 
power company’s rotating machines, 
generators and synchronous conden- 
sers, and reducing this current in 
proportion to the amount of impe- 
dance between the generators and the 
plant. 


Table | 
Ratings for Metal Clad Equipment with oilless power circuit breakers 
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Table 2 With the interrupting capacity of 
Ratings for 480 volt bus breakers, A, B and Cc determined, 
the proper breaker rating, 4160 volts 
Mox Sesemmmendated with a 150,000 kva, interrupting 
Trons- Short Normal AC Breaker capacity is selected from Table 1. 
oh eos oe he oe This breaker will give some reserve 
30 KVA Avatloble — Alone wip col eet capacity in the cvemt the utility’s 
& % 12 Primary Amp available short-circuit should in- 
System Fy crease with the addition of a new 
50.000 generator or if large synchronous 
100,000 motors are added to the plant’s dis- 


150,000 tribution system. 
250,000 


500,000 To determine available short-cir- 
Unlimited cuit on the 480-volt bus, neglect the 
$0,000 impedance of the primary cable. By 
100.000 omitting the cable impedance, the 
150,000 available short-circuit at the primary 
pon of the 1000-kva transformer is 100, 
Unlimited 000 kva. 











$0,000 According to Table 2, the short- 


100,000 circuit on the 480-volt bus is 22,400 
150,000 amperes if no motors are connected 
250,000 


$00,000 to the bus. Motors contribute short- 
Unlimited circuit current for a brief period. If 

it is assumed that there is a 1000-kva 
on motor load connected to the 480-volt 
150,000 bus, the actual short-circuit current 
250,000 available is 28,400 amperes. There- 
fms! fore, the secondary breakers should 
have a minimum short circuit capaci- 


50,000 ty of 28,400 amperes at 480 volts. 
100,000 

150,000 
250,000 
500,000 


Unlimited 


It is never wise to select the rating 
of a circuit breaker without knowing 
all the facts concerning future ex- 
pansion of the sewage plant and 
future plans of the utility. Often in- 
dustrial plant distribution systems 
have grown to a point where the cir- 
cuit protective devices become inade- 
quate and unsafe. 
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Instrumentation in Water Works 


by PHILIP L. VOELKER 


Utilities Project Eng., B-I-F Industries, Providence, R. |. 
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| 
FIG. |. PHANTOM VIEW of a Water Filtration Plant, showing various instruments, control devices and chemical feeding 
equipment used in water purification. 
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FIG. 2. INSTRUMENTATION and Control Devices used with water filters. 


@ WHERE WATER is obtained from 
impounded reservoirs or lakes, the 
level of the supply (hence its volume) 
is important to the water works engi- 
neer, particularly if the available sup- 
ply may become depleted in periods 
of drought. Levels may be measured 
by a float with these data indicated 
and recorded locally at the intake 
house and/or, by means of Telemeter 
transmission, at the pumping station 
or treatment plant, which may be 
miles from the reservoir. Several 
standard types of telemeters are avail- 
able for these applications. 

It is also desirable to know the 
amount of water which flows (or is 
pumped) from the source of supply, 
in order to compare this quantity with 
the amount treated or pumped to the 
distribution system. This information 
discloses whether or not there is leak- 
age loss in the line and whether or 
not the carrying capacity of the trans- 
mission line is decreasing due to fric- 
tion loss caused either by tubercula- 
tion or slime growths. 

Venturi tubes and flow tubes are 
preferred as primary metering devices 


for flow measurement service in main 
lines because of their high accuracy 
and low loss of head; to a lesser ex- 
tent propeller type meters, magnetic 
flow meters, open channel flumes or 
weirs also are used for this service. 
The secondary instruments for use 
with these primary devices may be 
totalizing and/or indicating and/or 
recording types and are designed to 
operate accurately with flow rates 
varying as much as | to 20, ie., 5 to 
100 percent of full scale. 

Where water is obtained from 
wells, the ground water level may be 
measured and recorded from float 
level systems in special wells; draw 
down in specific wells may also be an 
important factor in the control of 
pumping schedules in well fields. 
Telemeters for transmitting flow-rate 
and draw-down, as well as remote 
supervisory control systems, are uti- 
lized for the control of a group of 
well pumps from a remote central 
control office. 

By the use of audiotone transmis- 
sion links, as many as twenty-five 
telemeter functions can be handled 


simultaneously over a single telephone 
pair, with tremendous savings in tele- 
phone lease charges. 

These transmission links, together 
with special switches for serial con- 
nection to the circuits involved, make 
it possible to turn pumps on and off 
and receive positive report back, as 
well as monitoring the condition of 
the system itself, all upon initiation 
by the operator at the remote station 
and still using a single telephone pair. 
Practically any desired number of 
control functions can be so handled. 


Purification Plants 


Treatment of water supplies may 
include addition of chemicals for pH 
correction, taste and odor removal, 
softening and/or coagulation, floccu- 
lation and sedimentation for solids 
removal, filtration for turbidity and 
bacteria removal, and chlorination for 
disinfection. Fluoridation is widely 
used as a means of reducing tooth 
decay in young water consumers. Fig- 
ure 1 shows a phantom view of a 
water filter plant and some of the 
various instruments, controls and 
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chemical equipment used in water 
purification. 


Chemical Feeder Pacing 

Volume of water pumped to the 
plant for treatment, and quantities of 
chemicals added must be known to 
assure proper treatment. Water works 
flow meters may be equipped with 
special transmitter (electric or pneu- 
matic) or other devices which “pace,” 
or control, the operation of either dry 
or solution type chemical feeders or 
chlorine feeders to vary the rate of 
chemical dosage in proportion to 
changes in the rate of flow of water 
undergoing treatment. 

In one method of control the oper- 
tion period of the feeder is intermit- 
tently varied so that the total operat- 
ing tinie is proportional to flow. In 
another system the speed of the feeder 
is automatically and continuously ad- 
justed in accordance with the changes 
in flow using a pneumatic control sys- 
tem. Dry chemical feeders may be 
(1) volumetric feeders which measure 
dry chemicals by volume with an ac- 
curacy of plus or minus 3 percent, (2) 
gravimetric feeders with an accuracy 
of plus or minus | percent, which may 
be either (a) belt-type or (b) loss-in- 
weight type. In many instances, par- 
ticularly where fluoridation is prac- 
ticed, recording devices are attached 
to chemical feeders to give permanent 
records of amounts of chemical fed in 
relation to the volume of water 
treated. 


Filtration 

In the filtration process, the rate 
at which the water flows through the 
filter sand must be maintained at a 
constant value to provide efficient op- 
eration and maximum removal of sus- 
pended particles and bacteria. As the 
filter tends to become clogged and the 
filtration rate decreases, the rate of 
flow controller will open to maintain 
the desired rate. Figure 2 shows in- 
strumentation and control equipment 
used in connection with filter opera- 
tion. 

Rate-of-Flow Controllers developed 
for use in filtration are of two basic 
types, the self-powered and the servo- 
powered. 

Both types utilize the differential 
pressure created by flow through a 
Venturi tube as the source of regula- 
tion. 

The self-powered type utilizes this 
differential pressure as the source of 
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FIG. 3. AUTOMATIC PROPORTIONAL Control of Chlorine Gas Feeder. 


power for positioning the valve ele- 
ment, usually through the use of a 
diaphragm. The valve opening for 
the desired rate may be established 
by the position of a counterweight on 
a graduated scale beam or by an hy- 
draulic or pneumatic loading pressure 
acting through a flexible metallic bel- 
lows. The force developed from the 
differential pressure acting through 
the diaphragm balances the weight or 
loading pressure, maintaining the re- 
quired valve opening. Special check 
valves, installed in the piping from 
the Venturi, insure that the valve re- 
mains closed until flow differential 
exists, causing the controller to start 
from a closed position to prevent 
disruption of the filter media. 

In the servo-powered type, the dif- 
ferential pressure from the Venturi 
tube regulates the position of a pilot 
valve or other positioning device to 
adjust flow of power water or air to 
and from the cylinder which positions 
the valve element. 

Filter Gauges indicate and/or re- 
cord the loss of head and rate of flow 
through the filters. “Loss of Head” is 


the drop pressure through the filter 
bed and is a direct measure of the 
clogging which has taken place and 
indicates when the filter media may 
be expected to require cleaning. 

The rate of flow gauge utilizes the 
differential pressure from the Venturi 
section of the controller. 

Mechanical operation of these 
gauges by cables or chains, formerly 
universal, is now largely confined to 
the smaller plants. Most larger plants 
today use pneumatically-actuated 
gauges, whose actuators can be lo- 
cated as desired, and whose small cop- 
per tubing connections do not obstruct 
the pipe gallery. 

Experience has proven the effi- 
ciency of the filter washing operation 
depends on the expansion of the sand 
bed, the level reached by the top por- 
tion of the bed when borne upward 
by the force of the backwash, and that 
there is seasonal variation in the de- 
gree of expansion produced by a given 
rate of backwash, due to variation in 
specific gravity of the wash water with 
temperature. 

To get efficient washing and pre- 





vent loss of the finer sizes of sand the 
rate of backwash must be maintained 
constant by a wash water rate-of-flow 
controller, and the extent to which the 
filter sand is lifted must be measured 
by a sand expansion gauge, as shown 
in Figures 1 and 2. 

In case the wash water comes from 
a storage tank, the tank level is vital 
information. 

A number of plants have installed 
controls which, upon initiation by the 
operator, perform all the operations 
of washing a filter automatically, ap- 
plying the wash water at preset mul- 
tiple rates, and returning the filter to 
service on completion of the wash. 
The controls, which are relatively 
simple, can be installed in existing 
plants. 

Summation of the flow through the 
filters and of several flow meter read- 
ings in the filter plant frequently is 
desirable, not only for the guidance 
of the plant operator, but also for 
automatic control of chemical feeders 
in proportion to the total flow through 
the several main lines. The summated 
flow-rate may be shown on a single 
recording instrument in the superin- 
tendent’s office or on a large dial illu- 
minated indicator in the filter plant or 
both. 


Disinfection 

Disinfection of the delivered water 
to protect the health of the consumer 
is a vital phase of the water treatment 
process. Chlorine is the most univer- 
sally accepted disinfecting agent; in 
its concentrated gaseous form it is 
noxius, irritating, highly corrosive 
and may be a health hazard. It must 


be handled with special precautions 
and is fed in relatively minute quan- 
tities. Chlorine gas feeders engineered 
for this exacting service incorporate 
automatic safety controls to assure 
protection of the operating personnel, 
and also incorporate flow control de- 
vices to govern with a high degree of 
accuracy the application of the chlo- 
rine to the water system. 

In general, approved chlorine feed- 
ers operate by injector induced vac- 
uum, measure the chlorine in the 
gaseous state, dissolve it in water and 
direct the solution to the main flow of 
water being treated. Chlorine gas 
feeders may be controlled manually at 
set rates of feed, semi-automatically, 
paced in step with pump operation, or 
automatically, paced in accordance 
with main line flow from Venturi, 
propeller type, Telemeter or summa- 
tion units, Figure 3. Supplementary 
instruments used in conjunction with 
chlorine feeders include those which 
measure and record the concentration 
of chlorine in the treated water, those 
which record the rate of flow of chlo- 
rine passing through the chlorine 
feeder and loss in weight from storage 
cylinders on weighing scales. 

Production of chlorine dioxide is 
frequently used to control tastes and 
odors, as a supplement to the sterili- 
zation equipment. 


Distribution 


The distribution system of a water 
works includes not only the transmis- 
sion mains and services and elevated 
storage tanks, but also the pumps at 
the service pumping station and any 
booster pumping stations. 


FIG. 4. COMPLETE INSTRUMENTATION and Control Panel for Modern Water 
Purification Plant and Pumping Station. 
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Flow measurement and records by 
instrument are essential to proper 
operation of a water works. A com- 
parison of main line flow with the 
metered volumes sold gives a check 
on unaccounted-for water, a measure 
of efficiency of system operations and 
an indication of leakage loss. 

In the main pumping station pump, 
controls may be of several types, from 
simple “on-off” or time cycle control, 
to complex step operation and pres- 
sure control. Where an outlying res- 
ervoir or elevated storage tank is part 
of the system, adjustable contacts 
may be installed in the receiving in- 
strument of a telemeter, to start or 
stop booster pumps in accordance with 
changes in storage level. By means of 
special supervisory equipment, con- 
trol functions for a group of several 
such pumps may be handled over a 
single pair of telephone wires. 

Because of the limitations of simple 
pressure control of pumps, particu- 
larly in outlying areas, highly special- 
ized control systems have been devel- 
oped to control both pressure and 
flow. This “pressure-flow” system 
makes it possible to coordinate pres- 
sure controls and flow-rate controls 
to maintain pumpage closely in step 
with varying demand while maintain- 
ing adequate and steady pressure 
throughout the distribution system. 

The drift of population away from 
urban centers has resulted in the 
growth of suburban complexes of in- 
dependent communities, whose water 
demands may often be economically 
met from a central source maintained 
either by the City or an independent 
authority. 

The water needs of such a group 
may be controlled from a single point 
by the use of supervisory equipment 
of the type described above. A case in 
point is the group of 12 communities 
north of Dallas, Texas, completely 
controlled from a station in Wylie. 
The control panel for this installation 
is shown in Figure 4. 


Summary 


Instruments and controls are used 
in many places and for a wide variety 
of purposes in water works. Table A 
shows the most common applications 
of primary devices, instruments and 
controllers in water works. These are 
classified according to the purpose or 
function they serve and are listed by 
location at which the function is per- 
formed. 
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*** = 1- Rate-of-Flow Control; 2- Chemical Feeder Control; 3- Pump Control; 4- Liquid Level Control 


The requirements of each water 
works system as to number and types 
of instruments varies with the nature 
of the water source, pumping arrange- 
ment, treatment necessary and distri- 
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bution facilities. The selection of a 
primary device and its companion in- 
strument and/or controller for a par- 
ticular water works is governed by 
installation considerations and the ap- 


plication involved. In many cases the 
selection and installation of the in- 
struments and controllers are engi- 
neered and designed to fit the specific 
problems involved. 





Continuous Recording BOD Determination 


by J. W. CLARK 
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@ THE Bop TEST has attracted the in- 
terest of sanitary engineers for many 
years and is still the best general 
yardstick of the strength of sewage 
and industrial waste. The efficiencies 
of individual plant components and 
the plant as a whole is largely deter- 
mined by BOD reductions. The abil- 





ity of the receiving stream to assimi- 
late BOD loads determines the degree 
of treatment. Most industries and a 
great number of small municipalities 
pay for sewage treatment according 
to a scale of charges based on flow 
and BOD. The principle of BOD is 
used in research in tissue metabolism 
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FIG. | SCHEMATIC DIAGRAM of the system 


and in other aerobic digestion studies. 

Some changes which would im- 
prove the standard five day bottle 
dilution test are: a shorter test 
period, greater precision and accu- 
racy, continuous record of test, re- 
sults more representative of the 
whole, less influence of method and 
procedure on results, and results ex- 
pressed as an electrical signal for 
automation. 


Proposed Method 


A new continuous recording elec- 
trical method is proposed which em- 
bodies a portion of each of the above 
desirable improvements. 

Digestion takes place in a closed 
system. As the oxygen is used and 
the carbon dioxide given off is re- 
moved from the system chemically, 
there is a pressure drop in the digest- 
er. This rate of pressure drop is con- 
verted to an electrical current by 
means of a transducer and power 
supply. An electrolysis cell is con- 
nected to the pressure controlled 
power supply. In this cell oxygen is 
given off at the anode and made 
available to replace that used in the 
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digester. Measurement of the electri- 
cal energy developed by the pressure 
drop will give a measure of the 
oxygen demand of the system. The 
graph of the current produced which 
is recorded on a strip chart is a 
picture of the oxygen demand of the 
system. 


Equipment 

The oxygen recorder is a strip 
chart recorder. The range used was 
0-500 millamperes with a calibrated 
accuracy of 0.2 percent with auto- 
matic standardization. A chart speed 
of two inches per hour was normally 
used for 5 day BOD’s, but a speed 
of 10 inches per hour was used for 
short time critical studies. The chart 
is 11 inches wide and requires 24 
seconds for full scale pen travel. 

The pressure servo and power 
supply is the result of a cooperative 
effort on the part of Robert Stark, 
and the Sanitary Engineering Labora- 
tory Staff. The equipment in use was 
designed and built by Mr. Stark, who 
is a part time student at New Mexico 
State University. 

The pressure servo which is in two 
parts, the transducer and the ampli- 
fier, Figs 3 and 4, is a device for 
detecting a minute change in pressure 
and converting this change into an 
electrical current. 

The transducer converts a change 
in pressure into an electrical potential 
by means of a pressure diaphram in 
the unit which actuates a variable con- 
denser connected into two legs of a 
capacitive bridge. This bridge circuit 
was excited by a radio frequency 
signal from the amplifier. The two 
outputs of the bridge were rectified 
oppositely and these two DC voltages 
were summed to provide the output 
signal. When the bridge is in balance, 
their resultant voltage will be zero, 
when the bridge is unbalanced by 
movement of the diaphram, the out- 
put signal will turn to a voltage simi- 
lar to the larger, Fig. 4. The amplifier 
unit of the pressure servo amplifies 
the resultant voltage from the trans- 
ducer through the use of standard 
half-wave rectifiers Fig. 5. The cur- 
rent from the amplifier was connected 
in series with the recorder and elec- 
trolysis cell. The electrolysis cell was 
made of two 250 ml Erlenmyer flasks 
containing the electrodes and con- 
nected by a short piece of glass tubing 
at their base, Fig. 6. 

The flask containing the anode was 
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FIG. 2 THE DIGESTER assembled for use 


sealed into a piece of 8 mm glass taining the cathode was connected by 
tubing and connected with plastic a short piece of tubing to the outside 
tubing to the digester. The flask con- air so the hydrogen liberated could 





FIG. 3 TRANSDUCER AND AMPLIFIER 
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FIG. 4 CIRCUIT DIAGRAM of pressure servo 


escape. The electrolytic solution was 
0.05 N sulfuric acid and the elec- 
trodes were platinum. Originally it 
was planned to check the oxygen re- 
corder with a silver coulometer con- 
nected in series, and periodically 
weigh the electrodes to determine the 
amount of silver deposited, but this 
was found unnecessary because of 
the accuracy of the recorder. 

The oxygen atmosphere in the 
digester was circulated in much the 
same way as described by Porges, et 
al.5 in their carbon dioxide evolution 
experiments, except the oxygen atmos- 
phere was recirculated after passing 
through the drying tower. The di- 
gester and tubing system was flushed 
with cylinder oxygen before the run 
was started in order to have as high 
a rate of oxygen transfer to the liquid 
as convenient. The rate of oxygen 
absorption by a liquid is a function 
of the concentration gradient. The 


distilled water was saturated with 
oxygen prior to being placed in the 
digester and the system was reflushed 
after the water was added. The 
oxygen atmosphere in the digester 
contained approximately the same 
amount of oxygen at the start of a 
BOD run as it did 5 days later. A 
typical analysis showed 80 percent 
oxygen before and after the run, zero 
carbon dioxide, and the remaining 20 
percent was assumed to be nitrogen. 
The absence of carbon dioxide before 
the run was due to the passing of all 
flushing gases through a scrubbing 
tower containing a 1 N potassium 
hydroxide solution. 

The digester was a 2 liter resin 
reaction vessel with standard cover 
and clamp. A liter of waste of 
approximately 4,000 mg/l 5 day BOD 
was used for most runs. The oxygen 
atmosphere was drawn from the top 
of the digester through the pump, 
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potassium hydroxide and barium hy- 
droxide scrubbing towers, calcium 
chloride drying tower and into the 
liquid through a small rose bud, 
approximately 2.5 cm. off the bottom 
center of the digester. Circulation in 
the digester was provided by a 
magnetic stirrer operating a %4-in. by 
1 3-in. magnet with plastic cover. 
The stirring speed was adjusted until 
a slight vortex was just visible at the 
surface of the liquid and then slowed 
until the vortex just disappeared. 
This was assumed to give approxi- 
mately the same degree of agitation 
for all runs. Connected to the cover 
by ground glass joints was a ther- 
mometer, water manometer, pressure 
diaphram, pump suction, and air inlet 
tube. 

The water manometer served a 
dual purpose in that it gave direct in- 
dication of the pressure difference in- 
side the digester as compared to the 
atmospheric pressure and that it 
served as a compensator for changes 
in outside air pressure. If the mano- 
meter opening were plugged, the 
changes in atmospheric pressure 
would be superimposed, on the cur- 
rent curve and it would de necessary 
to make a correction for this value. 

All of the equipment except the 
recorders, power supply, and pump 
was contained in a modified BOD 
box. A standard dry BOD box that 
maintained the temperature within 
0.5° C caused too much variation in 
circulated air temperature for best op- 
eration. The cycle of the heating ele- 
ment was superimposed on the re- 
corder chart. No serious error was 
introduced, as it was averaged out, 
but considerable smoothing of the 
graph resulted from the box modifi- 
cation. 

The modification consisted in build- 
ing an aluminum container to fit in- 
side the BOD box while still allowing 
free circulation around it. The experi- 
ment was carried out inside the 
aluminum container. A plastic door 
was placed on the aluminum container 
so that the BOD box door could be 
opened for observation without up- 
setting the temperature balance. Most 
of the extreme temperature sensitivity 
could have been corrected in the elec- 
trical and hydraulic system, but it was 
decided to continue without damp- 
ening. Temperatures were recorded 
in the laboratory, in the BOD box, 
inside the aluminum box, and inside 
the digester. These temperatures were 
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recorded on a strip chart printing re- 
corder similar to the oxygen recorder. 

The pump used for circulation of 
the oxygen atmosphere was a Sigma- 
motor model T6-S with variable speed 
drive. The rate of circulation of oxy- 
gen was constant for all experiments, 
150 ml per minute. This value was 
periodically checked and found to re- 
main constant over the 5 day BOD 
period. Plastic tubing % in. ID was 
used throughout the experiment for 
pump hose. 

On runs where it was necessary to 
enter the digester for sampling, or in 
any way interrupting the process, two 
identical runs were used and one di- 
gester was always untouched and used 
as a control. 


Method 


For each test, the digester and all 
of its appurtenances were assembled 
in the incubator and connected. All 
pieces of equipment that came in con- 
tact with the synthetic sewage had 
been washed and sterilized so that 
the run would not be affected bio- 
logically by the previous run. The sys- 
tem was flushed with cylinder oxygen 
in order to have a high oxygen at- 
mosphere in the digester and to sat- 
urate the solutions in the gas train 
with oxygen. A slight vacuum (0.1 
inch of water) was produced inside 
the digester by exhausting some of 
the atmosphere through a valve on 
the pressure side of the pump. The 
lowering of pressure called for oxygen 
from the electrolysis cell and this was 
allowed to reach equilibrium. This de- 
veloped an oxygen saturated condi- 
tion in the liquid of the cell. 

The dry ingredients for the syn- 
thetic sewage were transferred to the 
digester through an opening in the 
top. One liter of distilled water at 
20° C was added and the magnetic 
stirrer was adjusted until the vortex 
produced at the center of the contain- 
er disappeared. Seed was added in 
various quantities dependent upon the 
source of the seed for the particular 
test. For raw sewage and activated 
sludge as seed, 10 ml of supernatant 
from a sample which had been stand- 
ing for one hour was used. 

The digester was again flushed 
with cylinder oxygen through the dif- 
fusor tube at the center in order to 
saturate the substrate with oxygen. 
A slight pressure, about two inches 
of water, was left in the digester. 
150 ml. of the atmosphere was taken 
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FIG. 6 ELECTROLYSIS CELL 


from the digester for gas analysis to 
determine the percentage of oxygen. 
The circulating pump was started and 
the system was adjusted to atmos- 
pheric pressure by bleeding of gas 
from the pressure side of the pump. 
The barometric pressure was recorded 
at this time in order to correct for 
the volume of gas remaining at the 
end of the run. The pressure servo 





Table | 
Composition of Synthetic 
Sewage 





Concentration 
(9/l) 





urea 
starch 
peptone 
gelatin 
skim milk 
di-sodium hydrogen phosphate 
potassium chloride 

calcium chloride 

magnesium sulfate 

ferric sulfate 





was adjusted to zero and the tem- 
perature and current recorder chart 
drives turned on. The plastic door of 
the aluminum box was closed and 
sealed with masking tape. 

At the end of the run a sample 
of the atmosphere in the digester was 
withdrawn for gas analysis in order 
to determine any change in the oxy- 
gen content. The pH was taken and 
the barometric reading noted. The 
chart was removed from the current 
recorder and the BOD calculated. 
For the purpose of calculation and 
plotting, a six hour running average 
was used. 

The composition of the synthetic 
sewage used in most of these studies 
is shown in Table 1. This medium 
produces a 5 day BOD of 4,000 
mg/1. 


Results 


In this electrical method, the bio- 
chemical oxygen demand curve is the 
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current curve with the units changed. 
A— 2.79 DEXTROSE Amperes is a measure of the rate at 
which electrons are flowing and, there- 
B—043qg UREA fore, the rate at which electrolysis is 
C—2.7g DEXTROSE taking place. The coulomb is the unit 
of quantity of electricity. A current 
of one ampere flowing for one second 
carries one coulomb of electricity past 
a point in the system. A coulomb 
measures a definite number of elec- 
trons. A faraday is 96,500 coulombs. 
The faraday is the charge on 6.023 
x 108 electrons, (Avogadro’s num- 
ber). One faraday will deposit one 
gram-equivalent weight of an element 
—107.88 grams of silver, 8.00 grams 
of oxygen, etc. The upper limit of 
3 ¢ Saver J ° 4 a, the power supply used in most of 
. j these experiments as connected was 
FIG. 7 BOD VS TIME for dextrose as determined by the electrical method 460 miliamperes. This is equivalent to 
0.0022 grams of oxygen per minute, 
0.133 grams per hour or 16 grams 
in 5 days. This would supply a theo- 
retical biochemical oxygen demand of 
16,000 mg/l on a one liter sample 
but, this is not possible practically. 
Within the limits of this equipment, 
a biochemical oxygen demand of 5,000 
mg/l is the upper limit without mod- 
ification. The modiication would be 
easy and only necessitate a larger 
power supply. This would be neces- 
sary for only the strongest of indus- 
trial wastes or specific research prob- 
lems. 

BOD’s have been run using the 
electrical method on synthetic sewage 
and pure substances from 1000 to 
5000 mg/l of oxygen demand in 5 
days. Results can consistently be du- 

plicated within 5 percent of the cal- 
FIG. 8 BOD VS TIME for dextrose with and without sufficient nitrogen for culated carbonacous BOD. The pres- 
metabolism ent electrical equipment is calibrated 
to be used on strong wastes but mod- 
ification is under way to run tests 
within the range of 0 to 1000 mg/l 
of 5 day oxygen demand. 

The tests have been run primarily 
to test the equipment under various 
conditions and prove its worth as a 
research tool. Fig 7 represents the 
graph from the recorder chart during 
the reduction of dextrose. At time 
zero (point A) 2.7 grams of dextrose 
were added to the digester with one 
liter of standard dilution water’. Five 
milliliters of supernatant from fresh 
activated sludge was used as seed. 
The slope of the BOD curve for the 
first 18 hours (point B) was similar 
a ses to the oxygen demand of 5 ml of 
s>NS 3 : —- this type seed Fig 8. This is as would 


be expected in a nitrogen poor en- 
FIG. 9 EFFECT OF VARIOUS types of seed on BOD results vironment (BOD/N= +1000/1). 
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Because standard dilution water con- 
tains only enough nitrogen for the 6 
to 8 mg/l of BOD actually exerted 
in a bottle while the full BOD was 
exerted in the equipment, it was nec- 
essary to supplement the nitrogen in 
standard dilution water with urea. 

Three hours after the urea was 
added, a normal BOD curve devel- 
oped which resulted in a 5 day BOD 
of 2000 mg/l. At this point (point 
C) an additional 2.7 g of dextrose 
was added which resulted in another 
2000 mg/l of oxygen demand in 5 
days. The total oxygen demand for 
the 10 day period was slightly over 
4000 mg/l] because the first dextrose 
added exerted a BOD over a 10 day 
period. 

In Fig 8, two simultaneous runs 
were made on dextrose. For curve A, 
2.7 g of dextrose and 0.43 g of urea 
were added at point 1. For curve 
B, 2.7 g of dextrose but no urea was 
added at point 1. One liter of standard 
dilution water was added to each di- 
gester with 5 ml of supernatant from 
fresh activated sludge as seed. Curve 
A developed a normal oxygen demand 
of 2000 mg/l in 5 days. Curve B 
had an oxygen demand of 149 mg/l 
in 3.5 days (point 2). At this time 
0.43 g of urea was added to the di- 
gester and in about 3 hours, a normal 
BOD curve started. This second curve 
was not smooth for the last day and 
one half and indicated that nitrifica- 
tion was taking place. 


Fig 9, curve A represents the nor- 
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mal BOD curve by the electrical meth- 
od of the synthetic sewage listed, 
using the supernatant from settled 
fresh raw sewage as seed. This curve 
with its shape characteristics has been 
reproduced over a two year period 
with a maximum deviation of 5 per- 
cent of the calculated 4000 mg/I of 
5 day oxygen demand. Considerable 
variation, in the shape of the curve 
has resulted from the use of various 
seed. Using activated sludge from a 
previous run results in a shorter lag 
period, higher peak demand and a 5 
day BOD in excess of the calculated 
carbonacous demand, Fig 9 curve B. 
Similar shaped curves were produced 
with this synthetic sewage when trick- 
ling filter effluent and activated 


sludge over three days old was used 
as seed. Curve C was produced when 
a lyophilized seed was used where a 
major portion of the population was 
destroyed. 


Conclusions 


The electrical method for BOD 
determination should find wide ap- 
plication in biological research and 
sewage plant operation. 

Some of the advantages over pres- 
ent methods are: 

1. A shorter test period is required 
because the shape of the initial 
curve can be correlated to pre- 
vious runs for extended results. 

2. BOD’s can be produced with bet- 
ter precision and accuracy than 
with conventional methods. 


3. A continuous record of the test 
gives considerably more infor- 
mation than a total end result. 

. The results are more represen- 
tative of the whole because it 
is easier to obtain a representa- 
tive sample with a larger volume. 

. There is less influence of meth- 
od and procedure on results as 
compared to conventional meth- 
ods. 

. The results are expressed as an 
electrical signal which makes it 
easier to automatically control a 
process. 

. A minimum of laboratory skill 
is required for routine plant op- 
erations. The electrical method 
could be adapted to produce a 
BOD on a meter face by the 
routine turning of a switch. 
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@ MUNICIPAL TREATMENT PLANTS are 
generally required to practice some 
form of pH correction on their fin- 
ished water as a means of correcting 
any corrosive tendencies the water 
may have acquired during treatment. 
Changes in prechlorination or coagu- 
lation dosages or even variations in 
the raw water itself provide operating 
personnel a problem in maintaining 
a continuously uniform pH. The de- 
vice described here is an inexpensive 
controller which can be assembled by 
anyone with a moderate knowledge 
of electronics. Although basically 


EFFLUENT FLUME 


simple, the accuracy of the device is 
such that it will hold the desired pH 
on the finished water to +0.05 units. 


How the device operates 


To illustrate the method in which 
the pH control device functions, sup- 
pose as a typical example it is desired 
to maintain a uniform pH in the ef- 
fluent of a treatment plant in which 
the pH value is normally quite ir- 
regular. Consider the plant effluent at 
a variable flow Q to be metered by a 
primary meter which provides an elec- 
trical impulse each time it passes 


PRIMARY METER 


10,000 gallons of water. Located 
downstream at a certain distance $ 
from the point of chemical injection 
(caustic soda in this example) is a 
pH detecting electrode assembly 
which is continuously sampling the 
effluent and furnishing a dc output to 
a meter relay proportional to the in- 
staneous pH of the effluent. Opposing 
this electrical signal is the output from 
a bridge circuit which establishes an 
electrical value equivalent to the de- 
sired pH. At electrical zero (the 
point of bridge balance) the pH of 
the effluent is equal to the desired pH 
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and there is no change in the rate of 
caustic adjustment. If there is a gain 
or loss in the pH of the effluent the 
indicating needle on the meter relay 
will deviate from its centered position 
and close with an appropriate set of 
relay contacts and eventually cause an 
increase or decrease in the rate of 
feed. The caustic soda pump in this 
illustration is operated on a time-im- 
pulse basis in which the pump will 
function just long enough to provide 
the quantity of caustic necessary to 
dose the 10,000 gallon increment of 
effluent water (as indicated by the 
primary meter) to the desired pH. 
The meter relay is indirectly respons- 
ible for either shortening or lengthen- 
ing the period of pump operation by 
varying the time constant of the pH 
control device every time an impulse 
is received from the primary meter. 
If the pH of the plant effluent is equal 
to the desired pH, the pump time con- 
stant remains unchanged since the 
meter relay is at balance and the caus- 
tic pump will continue to operate at 
the same previous time interval upon 
its next receipt of a 10,000 gallon im- 
pulse. Thus the automatic pH con- 
troller has two important features: 
proportional control (the frequency 
of pump operation is directly propor- 
tional to the number of impulses re- 
ceived or the rate of flow) and float- 
ing control (the amount of caustic 
entering the plant effluent per cycle 
is injected at a compensating rate as 
long as the pH deviates from the de- 
sired value). 

To summarize, the following se- 
quence of events takes place in the 
automatic control of pH: 

1. The primary meter initiates a 
cycle by providing an electric pulse 
to the pH control device. 

2. The caustic pump operates for 
a period of time as determined by the 
pH control device and attempts to 
supply just enough caustic to adjust 
the plant effluent to the proper pH. 

3. The pH electrode assembly lo- 
cated downstream from the point of 
caustic injection provides an output 
signal proportional to instantaneous 
pH of the plant effluent. 

a. If this output is higher than that 
furnished by the desired pH setting, 
the time constant in the pH control 
device is decreased thus shortening 
the “on time” of the caustic pump 
for the next cycle. 

b. If this output is lower than that 
furnished by the desired pH setting, 
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FIG. 1. CONTROL CENTER for the device. Top view (left) shows reversible 
motor driven potentiometer; Front view (right) of control panel illustrates re- 


cording feature of controller. 


the time constant in the pH control 
device is increased thus lengthening 
the “‘on time” of the caustic pump 
for the next cycle. 

>. If this output is exactly the same 
as the desired pH setting, the time 
constant in the pH control device 
is left unchanged and the caustic 
pump “on time” is also left un- 
changed for the next cycle. 


Circuit Description 


The automatic pH control device 
illustrated in Figure 3 is essentially 
an electro-mechanical switch the con- 
tact time of which is dependent upon 
the variable potentiometer Ry and the 
three capacitors Cs, Cg and C;. The 
SPDT relay RLY; in the plate cir- 
cuit of V. controls the “on and off” 
time of the caustic pump through the 
time limiting RC network on the 
parallel grids of V2. During normal 
operation, upon receipt of a 10,000 
gallon impulse signal from the pri- 
mary meter, the SPDT relay RLY» 
will initiate a time cycle on the grids 
of V2 which will activate the caustic 
pump relay RLY; for a period of 
time sufficient to treat the 10,000 


FIG. 2. pH ELECTRODE assembly is 
mounted on plant effluent flume. 


gallon volume of water. With 
zero voltage across the RC network, 
maximum plate current flows through 
the coil of RLY, which closes the re- 
lay and disconnects the caustic pump 
from the circuit. The instantaneous 
closure of the contacts on RLY: 
throws a negative voltage across the 
RC network (Rg, Rio, Cs, Ce and C7) 
which charges this combination to a 
maximum value and causes the plate 
current of V»2 to fall to zero since the 
tube is at cut-off. The relay RLY; is 
deenergized in this condition and the 
caustic pump begins operation. The 
period of time the tube V2 remains at 
cut-off is dependent upon the rate of 
current discharged through the fixed 
resistance Rio and the variable re- 
sistance Rg. The circuit time constant 
with the components shown is 


where, 
T = time in seconds 
C = capacity in microfarads, and 
R = resistance in megohms 
With the fixed capacity of eight 
microfarads (C; + Cg + C;) and the 
fixed resistance Rio of 220,000 ohm, 


where, 
Rr = Re + 0.22 (megohms) 

The variable resistance potentiom- 
eter Ry which provides 2.5 megohms 
of resistance in 40 turns is singularly 
the most important item in the cir- 
cuit, since with its unusual resolution 
time constants of a fraction of a sec- 
ond can be obtained within a few de- 
grees of shaft rotation. The double 
contact meter relay M. R. controls the 
resistance value of the potentiometer 
Ry by means of the reversible motor 
which is connected directly to its 
shaft. These contacts which are a 
part of the meter relay are located 
equidistant from electrical zero with 
the needle contact mechanism floating 
in the “dead zone” between either 
contact. If no error signal appears be- 
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Fig. 3. Automatic pH Controller Assemblies 


Transformer: 


T-125 volt @ ma power transformer with 


6.3 v. filament (Stancor PS 8415) 


Rectifiers: 


manium diode, IN34A 


Resistors: 


S. D— silicon diode, 150 ma; G. D.— ger- 


Meter Relay: 


R:—22 ohms, | watt, Re—3300 ohms, | watt: 
Rs—4700 ohms, | watt; R.—5!,000 ohms, | 
watt; Re—2,200 ohms, '/2 watt; Ri—220,000 
ohms, '/2 watt; Re—1000 ohm wirewound pot; 
Re—5000 ohm wirewound pot; R-—!000 ohm 
wirewound pot; Re—2.5 megohm, 40 turn 
potentiometer, Series E (Helipot, Beckman 


pH Amplifier: 


Electrode Assembly: 


Reversible Motor: 


Instruments, Inc.) 
Capacitors: 


Tubes: 
V-—6SN7GTA 
Relays: 


Ci, Ce—250 mfd 150 volt electrolytic; 
Ca, C.—50 mfd 50 volt electrolytic; 
Cs, Co, C-——2 mfd metallized paper 
V:—OC3, 105 volt voltage regulator; 


Battery: 
Switch: 
Misc: 


RLY:—SPDT plate circuit relay 10,000 ohm 


coil (Potter & Brumfield KCP5; RLY-—SPDT 


tween the bridge output consisting of 
the desired pH setting R;, the range 
adjustment Re, the fixed resistance 
Rs and the output from the pH ampli- 
fier, the needle contact remains in a 
position of balance and the motor driv- 
ing potentiometer Ry is inoperative. 
If an error signal does appear across 
the meter relay, the unbalance closes 
the needle mechanism with the ap- 
propriate contact and depending on 
the pH variation of the effluent, 
either increases or decreases the value 
of Ry with the direction of motor ro- 
tation. If it is desired to incorporate 
a recording mechanism into the con- 
troller it may be done by inserting a 
40 turn spiralled shaft between the 
motor and the potentiometer together 
with a pen arm mechanism and some 


form of strip or circular chart as is 
illustrated in the drawing. 

The self-contained power supply is 
half-wave rectified and heavily fil- 
tered to reduce ripple. Regulation is 
necessary in order to obtain a uniform 
operating point for relay RLY, oper- 
ation. The bias voltage supply is a 
voltage doubler which receives its ac 
input from the 6.3 volt filament taps 
on the power transformer T. This 
bias voltage adjustment is variable 
from 0 to 13 volts by means of the 
bias voltage control R;. Note that the 
ac supply on the filament is left float- 
ing since the positive side of the de 
output is grounded. With a fixed bias 
voltage of —9 volts de applied to the 
RC network and to the grids of Ve, 
the time constant for the system 


STR cHaRT 


115 volt 60 cycle relay, 2200 ohm coil (Potter 
& Brumfield KRPIIA) 

M. R.—Double contact, zero center 10-0-10 
microamps dc, Versatrol (Assembly Products, 
Inc., Chesterland, Ohio) 

Model W industrial pH meter (Beckman In- 
struments, Inc.) or Model 115 Photovolt elec- 
tronic pH meter (Photovolt Corporation) 
Flow through type, calomel and glass elec- 
trodes ( n Instruments, Inc.) 

R. M—2 RPM, 115 volt 60 cycle synchronous 
motor, Series 430 (Bristol Company) 

B—1.5 volt, size D 

SW—DPDT toggle 

8 x 10 inch aluminum chassis; P. L_—pilot light, 
6.3 volt, octal sockets; one 40 revolution spiral 
geared shaft ('/4 inch) with follower set screw 
and pen arm mechanism for optional recorder. 


(length of pump operation per 10,000 
gallon cycle) varies from 3.7 to 27.5 
seconds with Ry changing from zero 
to 40 turns. Other time constants can 
be obtained by either increasing or 
decreasing the bias voltage supply or 
by adding or subtracting capacitance 
in the RC network. 


Plant application 


Two physical problems which con- 
cern themselves with the automatic 
pH control device is the method of 
uniformly dispensing the caustic soda 
solution to the plant effluent during 
a 10,000 gallon cycle and the distance 
the electrode assembly is placed down- 
stream from the point of chemical in- 
jection. 

If Q is the flow of water in mgd 
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and T the time in seconds to pass 
10,000 gallons of water, it can be 
shown that: 


Equation 3 is a converging series 
since the larger values of Q produce 
smaller increments of T. Thus a pump 
operating at a fixed calibration point 
might possibly have a considerably 
longer “off” period at a minimum 
flow of the plant effluent than at a 
maximum flow which would amount 
to the caustic being added in slugs. 
This condition is very undesirable and 
is one of the most troublesome fea- 
tures of the time-impulse method of 
chemical treatment. With systems 
which flow by gravity a possible solu- 
tion is to inject the caustic soda into 
at least a 4 inch standpipe or surge 
chamber (open to atmosphere) in 
which a continuous flow of water 
+ 35 gpm is being added. The caus- 
tic and make-up water in the chamber 
provide a slight additional head above 
the normal hydraulic gradient at that 
point which results in a uniform 
gradual dispensing of the caustic to 
the effluent. 


The distance S downstream from 
the point of chemical injection to the 
point of pH detection in which a good 
mix might be expected is directly re- 
lated to the size of the plant effluent 
conduit and the maximum flow Q 
which might be encountered. As a 
general rule, S for a good mix should 
be at least 50 feet with a 4 x 4 ft rec- 
tangular conduit (16 sq. ft.) and a 
maximum Q of 26 mgd. 


Summary and Conclusions 


The automatic pH controller de- 
scribed operates on the basis of pro- 
portional plus floating control which 
provides the following features : 

1. Accuracy—pH control within 
+0.05 pH units from the desired 
value. 

2. Fast recovery. 

3. Low cost. 

4. Simplicity—the device can be 
constructed by semi-skilled personnel. 

5. Ease of operation—one manual 
adjustment. 

6. Dependable 
component life. 

7. Recording—pH variations can 
be recorded on a strip or circular 
chart for a permanent record. 


operation—long 


FIG. 4. CAUSTIC PUMPS are 


on time-impulse basis. 


FIG. 5. STANDPIPE (center) is point of 
caustic injection. 
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CHEMICAL HANDLING AND FEEDING 


ATER supplies which are not 
W acceptable as is, for domestic con- 
sumption must receive treatment. In 
most cases treatment will involve the 
use of chemicals of some kind. Chem- 
icals are also used in some types of 
sewage treatment, too, and in sludge 
dewatering and in sewage disinfec- 
tion, 

Coagulation of water or sewage 
may involve the use of aluminum 
sulfate, sodium aluminate, ferric sul- 
fate, activated silica, and lime de- 
pending on the particular process 
used. Water softening will require 
lime, soda ash, and carbon dioxide. 
Disinfection will use chlorine, chlo- 
rine dioxide, or ozone. Taste and 
odor control may utilize activated 
carbon, chlorine, chlorine dioxide, and 
copper sulfate. 

Sewage sludge conditioning gener- 
ally uses ferric chlorine and lime but 
may use other coagulants (ferric sul- 
fate, aluminum chloride, or aluminum 
sulfate). Industrial wastes may re- 
ceive chemical treatment of diverse 
character depending on the waste 
being treated. Treatment may involve 
oxidation, reduction, chlorination, 
neutralization or coagulation, and 
may utilize other chemicals (sulfur 
dioxide, sodium meta-bisulfate, bar- 
ium chloride, sodium sulfate, etc.) in 
addition to those chemicals mentioned 
above. 

Whenever chemicals are employed 
in treatment processes, there also will 
be the problems of handling, storage 
and feeding. 


Handling 


Dry chemicals may be shipped in 
bulk, in paper bags of various sizes, 
in fibre drums or barrels of different 
sizes. The kind and size of container 
used will depend on the bulk density 
particle size, hygroscopic and chemi- 
cal characteristics of the particular 
chemical, and I.C.C. regulations. 
Choice of container will also depend 
on the users’ facilities for handling 
and storage. 

Bulk chemicals may be unloaded 
into storage hoppers by air conveyors, 
tubular conveyors, bucket elevators 
and screw conveyors. Bags may be 
transported by hand trucks or on 
pallets. Drums, and barrels, are han- 
died easily by hand truck. 

Chlorine is shipped in 105 and 150 
pound cylinders, in ton containers, or 
in bulk tank cars. Cylinders are han- 
dled by hand truck. ton containers 


by special lifting clamps and chain 
hoist. Liquid chemicals (i.e., ferric 
chloride, liquid alum) are shipped in 
tank truck or tank car. 


Storage 


Bulk dry chemicals are usually 
stored in hopper bottomed storage 
compartments from which they can 
be transferred to feeding devices. 
Packaged chemicals whether stored 
on pallets or not, generally require 
storage rooms, preferably above the 
elevation of the chemical feeders. 
This usually means that elevating 
equipment is necessary to lift chemi- 
cals from ground level to storage 
room. Storage should be fireproof. 

Corrosive liquid chemicals are 
stored in rubber lined tanks from 
which they may be discharged to 
feeders by gravity or by air pressure. 
Chlorine containers are stored in a 
cool, dry, well-ventilated place away 
from heat sources, walkways, ele- 
vators, stairways and ventilating sys- 
tem intakes. Indoor storage should 
be above ground and fireproof out- 
door storage should provide protec- 
tion from direct sun, snow, and 


debris. 


Feeding 

The best installation for chemical 
treatment combines a simple mechan- 
ical feeding device, either liquid or 
dry feeder, with easy chemical han- 
dling and simple piping and injection 
or feeding arrangement. Chlorine is 
fed by a gas type fee'er which dis- 
solves the gas and discharges it as a 
solution. 

Dry chemical feeders have four 
basic requirements: Accuracy, dosage 
check, protection against overfeeding, 
and efficient dissolvers. Dry feeders 
are of two general types—gravimet- 
ric, and volumetric. Gravimetric 
feeders have an accuracy (or uni- 
formity of feed rate) of + one per 
cent, and may be either loss-in-weight 
feeders or belt type feeders. Volu- 
metric feeders have an accuracy of 
+ three per cent. The choice of 
feeder type depends on many factors 
including accuracy desired. 

Solution feeders may be propor- 
tioning pumps, Rotodip feeders, or 
controlled outlet gravity feed. Solu- 
tion feeders (except the Rotodip 
feeder) usually have feed rates of 
less than 57 gal per hr, but have ex- 
tremely fine dosage control, especially 


in the proportioning type of dia- 
phragm or constant controlled-volume 
pumps. 

Gas (chlorine, sulfur dioxide, or 
ammonia), is most conveniently fed 
in special solution type feeders, op- 
erating on a vacuum principle. Di- 
rect pressure type feeders are avail- 
able, but are limited in application 
and not as fool proof and safe as are 
the vacuum type feeders. 

In the selection of chemical feeder 
equipment it is essential to define 
operational equipment ; determine the 
storage requirements ; and choose the 
best available location, type of instal- 
lation and type of feeder. 


Materials for Handling 


The type of material used for han- 
dling chemical solutions depends en- 
tirely on the characteristics of the 
chemical in solution. Corrosive solu- 
tions must be handled only in mate- 
rials that are resistant to that par- 
ticular solution. Among the materials 
used are stainless steel, rubber, Dur- 
iron, bronze, ceramics, asphalt, hard 
rubber, plastics, monel, nickel, tanta- 
lum, etc. The actual choice of mate- 
rial depends on the chemical involved. 
A tabulation of chemicals, their char- 
acteristics, feeding requirements, and 
suitable handling materials has been 
published as Keep Sheet No. 22 by 
B-I-F Industries, Inc. 


Control 


The type of control used in chemi- 
ical feeder operation depends on the 
chemical being fed, accuracy of feed 
desired, size of installation, and the 
variability of feeding requirements. 

Manual control equipment is put 
in operation and shut down, manu- 
ally, by the operator and the rate of 
feed in lb per hr or Ib per mil gal, is 
established by manual adjustment. 
Semi-automatic control or start-stop 
equipment operates at a rate manu- 
ally pre-set but in step with pump or 
timed cycle. Paced proportional feed 
is accomplished through controls op- 
erated from flow measuring devices. 
Program control equipment provides 
automatic changing of the chemical 
feed rate throughout any period to 
follow changes in required dosage in 
accordance with a pre-established 
schedule. 
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i Water Treatment Requires 


Lo erin Ka eg Mie Sed» 


PRECISION Chemical Feeding 


Positive Displacement Pumps 


Ou odel S series is ideally suited for feeding hypochlorite, alum, soda ash... 


injects 0-2.5 g.p.h. of solution against pressures up to 125 psi. & Model 600 
slurry feeder for feeding filter aids,lime, clay in 10% concentrations... pres- 


sures up to 125 psi... features integral automatic flush every 60 seconds for 
non-clogging operation. © Model 800 chemical feeder and hypochlorinator 


for installations requiring 0-20 g.p.d.... pressures up to 60 psi. Full informa- 
tion on all Models available on request. 


PRECISION Rony CHEMICAL PUMP CORPORATION 


1396 MAIN STREET + WALTHAM S54 + MASSACHUSETTS 
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Liquid Chemical Feeders 


@ Aprtications for liquid chemical 
feeders come mostly from the need 
for feeding small amounts of chem- 
ical. In small water treatment plants 
large dry chemical feeders can nei- 
ther be afforded nor are necessary. 
A small liquid feeder feeding a few 
gallons of chemical each day is the 
logical choice for this type of plant. 
Even in the large treatment plants 
with their large banks of dry chemi- 
cal feeders, the need for liquid chemi- 
cal feeders for special jobs is present. 
Feeding small amounts of calgon, hy- 
drofluosilicic acid, lime slurry, or sul- 
furic acid is accurately accomplished 
by liquid feeders. A third area of 
application of liquid feeders is in the 
industrial field. Industrial chemical 
engineers are very prone to select 
chemicals in liquid or slurry form. 
Therefore, one of the widest uses of 
liquid feeders is in industry. 


General Considerations 


No matter what kind of chemical 
feeder is to be installed, liquid, slurry 
or dry, the following items must be 
given close attention. One of the most 
important considerations is a study 
of the installation conditions. How 
much space is available for the feeder 
to be installed, how will the chem- 
icals be loaded into the feeder, how 
long will the solution lines be, how 
will the chemical be mixed with the 
water to be treated? The answers to 
these questions often will dictate what 


by VIRGIL W. LANGWORTHY 
Editor, Water & Sewage Works 


type of chemical feeder must be used. 
There are other necessary require- 
ments for proper machine selection, 
however. One other is that the se- 
lected feeder must have adequate ca- 
pacity to cover the range of dosages 
expected. As the flow in a water 
treatment plant varies, the chemical 
dosage also must vary and the chem- 
ical feeder must be able to accurately 
deliver chemical over the entire de- 
sign range. Still another criterion of 
chemical feeder selection is dependa- 
bility. The feeder that will do the re- 
quired job with the least amount of 
maintenance is the feeder that should 
be used. Finally, the nature of the 
chemical to be fed will have a great 
influence on the final selection of the 
chemical feeder. 


Type of Feeders 


If the considerations of space avail- 
able, range required, low mainte- 
nance, and the chemical to be fed 
have been investigated and the choice 
is a liquid or slurry feeder, there are 
two types of feeders which are avail- 
able, gravity feed and pressure feed. 


Gravity Feed 


Liquid feeders which depend on 
gravity are of two types; one type 
depends on the maintenance of a head 
difference which causes the liquid to 
flow at a known rate through an ori- 
fice. The other type depends on grav- 
ity to conduct the measured liquid to 


the point of application. 

Orifice feeders are either of the 
constant orifice or variable orifice 
type. If the orifice has a fixed cali- 
brated opening and the liquid falls 
through a constant head, the flow will 
be constant and known. With the 
flow known, the strength of the solu- 
tion may be adjusted so that the prop- 
er quantity of chemical is fed per 
unit time. If the flow is to be changed, 
the head on the orifice or the orifice 
size must be changed. 

An easier way to change the flow 
is to change the opening of the ori- 
fice by the use of a variable orifice 
device such as a rotameter. The rota- 
meter is a transparent, conical tube 
containing a float. The higher the 
float rides in the cone, the greater is 
the area through which the liquid 
passes and the greater is the flow de- 
livered. The rotameter is calibrated 
so that for a given head the position 
of the float measures the flow passing 
through the device. 

Another type of gravity feeder is 
the Rotodip. In this type of feeder 
the dipper wheel scoops a given vol- 
urhe of liquid from the constant level 
tank and pours it into a collector 
where it flows by gravity to the point 
of application. The volume of liquid 
delivered can be varied by changing 
the speed of rotation of the dipper 
wheel. The level of liquid in the tank 
is maintained by pumped recircula- 
tion through an overflow if the stor- 
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age tank is below the feeder as shown 
in Fig. 1 or by a float valve if the 
storage tank is above the feeder. 


Pressure Feed 


Pressure liquid chemical feeders 
differ from gravity feeders in the 
method of conveying the liquid to the 
point of application. In a pressure 
feed device the liquid is pumped un- 
der pressure into the main stream of 
water to be treated. This pumping 
can be accomplished by diaphragm, 
piston, gear, or rotor positive dis- 
placement pumps. 

The principle of each of these feed- 
ers is the same. Each oscillation of 
the diaphragm, stroke of the piston, 
or revolution of the gear or rotor, 
pumps a given volume under pressure. 
The amount of liquid being fed is 
varied by controlling the rate 
of pumping. This can be accomplish- 
ed by changing the speed at which 
the feeder is operating or in the case 
of the diaphragm or piston feeder, 
changing the displacement of the di- 
aphragm or piston. 


Other Considerations 
Capacity Required 

The capacity of a chemical feeder 
should be calculated as the number of 
pounds of dry chemical that must be 
fed per day. This can be converted to 
a liquid volume through the know- 
ledge of the strength of the feed so- 
lution. The rate of feeding is not 
steady through the day but usually 
varies as the flow varies. Flow is us- 
ually measured in million gallons per 
day (mgd) which is both a rate and 
a total quantity. It is sometimes con- 
fusing to consider that water may be 
pumped at the rate of 10 mgd when 
the total daily flow is only 5 mgd. 
This is exactly analogous to driving 
a car 60 mph but traveling only 30 
miles in an hour. One figure is a 
rate, the other figure is a total quan- 
tity. 

Treatment doses are often given 
as concentrations, parts per million 
(ppm) or to be more modern, milli- 
grams per liter (mg/L), or grains 
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per gallon (gpg). These dosages are 
the final concentrations after mixing 
the chemical with the entire water 
stream and are of little use in deter- 
mining how much chemical should 
be fed. The amount of chemical to be 
fed can be determined by converting 
the recommended dosage to pounds 
of chemical fed per million gallons of 
flow. This may be done by use of 
factors contained in Table 1. 


Table | 


Useful Conversion Factors 
Feed 


8.34 Ib/mad of dry chemical 
142.61 Ib/mad of dry chemical 


Dosage 


For each mg/L 
For each gpg 


The final conversion from pounds 
per million gallons to gallons per day 
of liquid chemical fed is made by 
knowing the concentration of the 
stock solution being fed. This concen- 
tration is most conveniently expressed 
as pounds per gallon. Other methods 
of expression which may be convert- 
ed to pounds per gallon are percent 
by weight, specific gravity, and spe- 
cific gravity on the Baume scale. 


Operation Means 


The simplest method of control for 
chemical feeders is to use manual con- 
trol right at the machine. This re- 
quires great attention if numerous 
feed rate changes are to be made 
during the day. This is also very in- 
convenient if the chemical feeder is 
not centrally located. An improve- 
ment on this method is to have re- 
mote manual control so that the ma- 
chine may be operated from a cen- 
tral location. 

The most sophisticated method of 
controlling a liquid feeder is having 
it operate automatically, proportion- 
ally paced to the flow of the water 
to be treated. A differential producer 
is placed in the line and the changing 
head loss caused by different flow 
rates is transmitted to a sensing 
unit which increases or decreases the 
rate of flow from the feeder. Means 
of transmission can be air, electricity, 
or water. 


Points of Application 


There are several places where 
chemicals can, under certain circum- 
stances, be added. Chemical feeders 
may be located ahead of the plant to 
give pre-plant treatment, they may be 
in the plant to give in-plant treatment, 
or they may be located after the plant 
to give post-plant treatment. A final 
location for chemical feeders is out in 
the distribution system. These may be 
many miles from the treatment plant. 


Design Considerations 


There are several design factors 
which must be taken into considera- 
tion if a workable chemical feed sys- 
tem is to be installed. One of these 
is chemical storage area. Chemicals 
come in bags, drums or carboys or 
are shipped in tank trucks or tank 
cars. Calculations must be made to 
determine chemical requirements and 
chemical shipments and provide ample 
storage space to keep the chemicals 
required between shipments. 

Another factor, which must be con- 
sidered, is adequate handling equip- 
ment with which to unload and move 
the chemicals when such handling is 
required. Elevators and hoists are 
used for unloading while movement 
of the chemicals can be by hand 
trucks, overhead monorails or pallets 
and fork lifts. If these facilities are 
inadequate, the handling of chemicals 
can be a nightmare. 

Proper construction of the actual 
feeding equipment, the sloution tanks, 
the feeder and accessories, and the 
solution lines or troughs must be con- 
sidered especially with respect to cor- 
rosion resistance. Many liquid chem- 
icals such as sulfuric acid are very 
corrosive, and the equipment must be 
adequately protected. 

The head conditions must be given 
careful consideration. Ample head 
must be available to get the liquid 
chemical from the storage tank 
through the feeder, and enough head 
must remain to let the measured flow 
from the feeder to the point of appli- 
cation. Adequate head is a must for 
successful liquid chemical feeding. 
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B-I-F Performance-Proved 
Products for Water and Sew- 
age Works. Request any of 
these bulletins you'd like to 
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REMOTE CONTROL SYSTEMS 
Bulletin 240-P2A 
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Bulletin 50-K3A 
SUPERVISORY SYSTEMS 
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TELEMETERS, REMOTE TRANSMISSION, 
ELECTRIC 
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Pare PUG MILL TYPE LIME SLAKER... requires 
less floor space, uses less water, requires shorter process 


time, can be operated _ove 
slakers. Retains ads 
Features progressive™ 


_ wider range than other 
actention-type slakers. 
put the possibility of 
short circuits. Congf@ Sugry permits propor- 
tional pacing from Mi Water rationing per- 
mits efficient slaking at controlled temperatures without 
the use of a hot water supply. Also features continuous 
grit removal. Sizes range from 150 to 10,000 Ibs. /hr. 


Bulletin 0042.20-1 





OP Yori -Chevideree 125 PSI BUTTERFLY VALVES 


... Meet or surpass AWWA Specifications . . . offer 
many exclusive dé tures which reduce construc- 
tion, installation, iting d maintenance costs. 
Unique seat and bo ibletight closures .. . 
eliminate all leakage sign permits com- 
pact piping layouts. Basyy ee Operation means 
reliable, instantaneotis flow ol. Choice of manual, 
electric, pneumatic or hydraulic operators. 


Bulletin 650.20-1 




















OP hou oe CHRONOFLO TELEMETERS... 


for remote metering and control . . . transmit process 
variables over any distance to one or more remote 
receivers . . . control, rs, pumps, etc. New 
modular design for@ ilityy maintenance. High 
enduring accuracy; speed operation; high repeat- 
ability; fast, quiet f ypower consumption. 
Available in 4” strip cha circular chart receivers 
.. . for flush panel, wall or floorstand mounting. 
Bulletin 230.20 


DQ Racin MODEL 1210 CHEMICAL PUMP... 
for precise and controlled feeding of chemical solutions, 
acids, and alkalies. Model 1240¢hem-O-Feeder features 
straight-through head desi fOsion-resistant, trans- 
parent plastic. Diaphgagii@ind @heek valves also fabri- 
cated from material¢@gggigtant toime@st chemicals. Simplex, 
duplex and triplex mig fide adjustable, wide-range 
proportioning up to S2yageamaseegph with discharge 
pressures up to 125 psi. Comes as complete package 
ready for installation. Bulletin 1210.20-1 


OP hori -Chovidenee IN-STREAM TRANSMITTER 


.. . eliminates need for stilling wells and expensive main- 
tenance in water andesgwage. metering applications. 
Chronoflo® Model @& Tr ismitter responds faster 
to flow changes as fi { Stually Fides in stream flow. 
Transmitter mounts S0G¥@elumet@r channel, away from 
flooding possibilities . . °C Tequire flushing system, 
sediment tank, blow-down valves or frequent cleaning. 

Bulletin 230.20-1 


s Thoporioneens VACUUM FILTER .. . constructed of 


Fiberglas, provides economical, efficient pool filtration. 
Model VFL is completelyigarr proof, features visi- 
ble operation, ease Of maa ce. Filter elements of 
leaf design easily sefViG@y . . provide smooth, slick 
surface for even build-up@f filter aid, produce maximum 
open area and remarklllieering qualities. Available 
in many sizes from 120 to 720 square feet of filtering 
area. Bulletin 1860.20-2 
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Feeding Glassy Phosphates 


® water, the universal solvent, does 
not exist naturally in the chemically 
pure state. It contains dissolved solids 
or total solids which may vary from a 
few mg/L up to 75,000 mg/L; the 
usual range for drinking water being 
100 mg/L to 750 mg/L. Surface wa- 
ter usually has a total solids content 
near the lower end of the scale while 
underground or well supplies often 
are quite high in dissolved solids. The 
solubility of the various ions present 
in water is governed by such items as 
temperature, acidity or alkalinity, pH, 
and dissolved gases. A change in any 
one of these factors will cause a cor- 
responding change in the solubility of 
the minerals in the water. 

Three ions usually found in water 
and particularly affect solubility are: 
1) iron, 2) calcium, and 3) mag- 
nesium. Certain changes in the water 
carrying these ions can cause them to 
become less soluble, a condition which 
in turn gives rise to red water and 
scale problems. These problems and 
others can often be avoided by the 
introduction into solution of glassy 
phosphates. 

Glassy phosphates are produced 
by fusing a food grade of phosporic 
acid with soda ash at high tempera- 
tures to produce a clear, transparent 
non-crystalline solid which is sold as 
broken glass, beads or in the granu- 
lar or powdered form. Bulk density 
depends on the form and varies from 
100 to 120 pounds per cubic foot. 


Red Water 

The problem of red water is caused 
by a high content of iron in the triva- 
lent (+3) state. Iron of this valence 


by HENRY F. MUNROE 


Sanitary Engineer, B-I-F Industries, Providence, R. |. 


will form compounds which are quite 
insoluble and precipitate out, giving 
the water a red appearance. There are 
two common sources of this iron, one 
from the raw water, the other from 
the iron transmission pipes. 

Water near the bottom of deep res- 
ervoirs or in the ground can pick up 
a great deal of iron in the soluble, 
ferrous, or divalent (+-2) state, due 
to anaerobic bacterial reduction of 
ferric (+3) iron. When this ferrous 
iron comes in contact with any oxi- 
dizing agent, oxidation to ferric iron 
occurs and red water results. An- 
other source of iron is from the cor- 
rosion of iron pipe. During the cor- 
rosion reaction, iron pipe in the zero 
valence state is oxidized to the soluble 
ferrous iron state and goes into solu- 
tion. This represents the loss in 
weight during corrosion. Under oxi- 
dizing conditions, this ferrous iron 
will be converted to ferric iron and 
cause red water. 

Both of these conditions may be re- 
tarded and even entirely eliminated 
by the addition of the phosphate be- 
fore the oxidation takes place. The 
glassy phosphates will sequester iron 
and other compounds, but only in the 
divalent state. This means that the 
phosphates must be added to the 
water supply directly at the pump 
and certainly before chlorination so 
that the divalent ferrous iron is se- 
questered. Usually, an amount of the 
phosphates equal to 3 to 4 times the 
concentration of the dissolved iron 
will give sufficient sequestration. The 
ability of the phosphates to sequester 
varies with the age, the temperature 
and the concentration of the phos- 
phate solution. 


Scale Formation 


Scale in pipes or boilers is caused 
by the water becoming supersaturated 
with calcium or magnesium ions, re- 
sulting in precipitation as calcium or 
magnesium carbonate. This super- 
saturation is often caused by an in- 
crease in water temperature. The 
scale reduces carrying capacity of 
mains and reduces heat transfer in 
boilers. The formation of calcium or 
magnesium scale deposits is prevented 
by the so-called threshold treatment. 
The mechanics of this reaction are 
somewhat similar to sequestration of 
iron; i.e. the phosphate actually re- 
moves the crystal nuclei from solu- 
tion before its dimensions have 
reached the proportions of even the 
colloidal state. This prevents the 
crystals from growing and becoming 
insoluble. In most cases, the applica- 
tion of 1 to 2 mg/L of the phosphate 
is sufficient to prevent scale forma- 
tion. 


Corrosion 

While not connected with the solu- 
bility of ions, corrosion is a real prob- 
lem to the maintenance of water 
pipes, a problem which can be com- 
bated through the use of glassy phos- 
phates. Corrosion, defined as the loss 
of metal into solution, is caused by 
galvanic action. Some change in con- 
ditions along the length of pipe causes 
the formation of an anode and cath- 
ode in the pipe. Electrons flow from 
the anode to the cathode causing the 
iron at the anode to be oxidized from 
zero valence to soluble plus two val- 
ence and go into solution. The elec- 
trons at the cathode reduce hydrogen 


W.&S.W.—REFERENCE NUMBER—1960 





R-74 


ions in the water to atomic hydrogen 
which combines with the dissolved 
oxygen in the water to form water 
(at most pH’s). 

Addition of the glassy phosphates 
to the system causes a complex (cal- 
cium-corrosion products—phos- 
phates) to form. This complex 
plates out on the cathodic areas of 
the pipe in a very thin, but continu- 
ous covering. This layer of the com- 
plex prevents the oxidation of hydro- 
gen ions, therefore prevents the flow 
of electrons, stops the corrosion re- 
action, and is called polarization of 
the cathode. 

Small amounts (2 mg/L) are nor- 
mally fed to give protection. The cal- 
cium content must be at least 4% of 
the amount of the phosphates fed in 
order to obtain good protection. 
Larger amounts of phosphates are fed 
at the beginning until a residual of 
approximately 0.5 mg/L is obtained 
at the end of the system. Amounts 
are then gradually decreased until 0.5 
mg/L is maintained throughout. The 
need for larger amounts at the begin- 
ning is caused by the absorption of 
some of the phosphates by the tuber- 
cles and other deposits in the pipe 
line. Final concentration depends on 
the flow rate throughout the distribu- 
tion system; large amounts being 
used for lower flows. This is directly 
related to turbulence. At higher flows 
turbulence is created, physically 
bringing the complex into contact 


with the cathodic areas, so lower 
phosphate doses can be used. Even 
the larger amounts have no effect on 
taste and odor. The protection is not 
only carried through the distribution 
system but into the consumers piping 
as well, 


Feeding Phosphates 
Solution Strength 


One pound of glassy phosphate 
per gallon of solution is the recom- 
mended solution strength. Above two 
pounds per gallon the solution be- 
comes syrupy and sticky, thus 
difficult to handle. While solutions 
as strong as 5 pounds per gallon have 
been prepared, a more detailed solu- 
tion preparation procedure is neces- 
sary and it is standard practice to 
limit the solution strength to an abso- 
lute maximum of two pounds per 
gallon. In addition, the glassy phos- 
phates revert to ortho-phosphates 
(non-sequestering) with an increase 
in temperature or concentration or 
a decrease in pH. Usually, larger 
storage volumes are provided rather 
than to take the time and effort neces- 
sary to prepare more concentrated 
solutions. 


Solution Preparation 


Standard procedure is to place the 
sheets or beads in a stainless steel 
basket of 4%” mesh with a means of 
suspending the chemical just below 


Potable water supply for mixing 


weter & for feeder operation 


the water level. Another method is 
to weigh the phosphate directly into 
a cloth bag and suspend the bag and 
contents just below the water surface, 
as shown in Fig. 1. The phosphate 
will then dissolve in cold water. After 
it is completely dissolved, a short 
stirring or the use of a forceful 
stream of water to bring the level up 
to the required volume is sufficient 
for mixing. For preparing a solution 
from the granular or powdered 
forms, it is desirable to sprinkle the 
phosphate into a rapidly agitated vol- 
ume of cold water. After the solution 
is completely formed, the volume 
should be brought up to the mark. In 
all cases, cold water is used since the 
phosphate reverts to another form 
very rapidly at higher temperatures 
and with age. The other forms of 
phosphates do not have the sequester- 
ing ability of the glassy phosphates. 
Contrary to the situation existing 
with most chemicals, the sheets or 
beads of the glassy phosphates are 
easier to put into solution than the 
powder or granular forms. This is 
because the powder or granules tend 
to cake when added to water and 
these blobs of chemical are hard to 
disperse and put into solution. The 
beads or broken sheets, on the other 
hand, will quickly go into solution if 
hung in the water. Sometimes these 
broken sheets are stirred into solu- 
tion. As a safety precaution the hand 
should not be used for the stirring. 


ciaphragm opereted 


proportioning pump 


Solenoid operated 4-way valve 
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FIG. 1. A TYPICAL SYSTEM lay-out for feeding glassy phosphates. 





Table | 
Feeding Glassy Phosphates to Obtain a Dose of | mg/L 





Rate of Flow 


Feed Rate 





Vy # Gal. Solution 


50 G/M 3.16 ml/min. 
100 6.32 
200 12.64 
300 18.96 
400 25.28 
500 31.60 

1000 63.20 
1500 94.80 
2000 126.40 
2500 158.00 
3000 189.60 
4000 
5000 
6000 
7000 
8000 
9000 
10000 





2# Gal. Solution 


ml/min. 


1# Gal. Solution 
1.58 ml/min. 
3.16 
6.32 
9.48 
12.64 
15.80 

31.60 
47.40 
63.20 
79.00 
94.80 
126.40 
158.00 
189.60 
221.20 
252.80 
284.40 
316.00 


31.60 
39.50 
47.40 
63.20 
79.00 
94.80 
110.60 
126.40 
142.20 
158.00 





If the hand is used, it may become 
severely cut and the cuts will be pain- 
ful and slow to heal. 


Feeders 

Solutions of unadjusted phos- 
phates, are usually acid in character 
and rapidly attack iron, steel, copper 
and brass. While glassy phosphates 
can be made less corrosive by adding 
an alkali such as caustic soda or soda 


ash to a pH of 8.0 or higher, the use 
of stainless steel or plastic in the con- 
struction of feeders and piping from 
ervoirs should be all plastic, plastic- 
tion point is preferred. Solution res- 
the solution container to the injec- 
lined or stainless steel. 

Plunger or diaphragm pumps of 
the. proper resistant construction are 
available for feeding a wide range of 
glassy phosphate volumes. The use 
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of a diaphragm feeder completely 
eliminates stuffing box difficulties. 
Table I shows typical ranges of feed 
rates for various flows and dosages. 


Typical Installation 

A typical small, individual instal- 
lation is shown in Fig. 1. The prob- 
lem existed at a country club using 
city water which came from a well 
supply. The pH of this water was 
6.3. Copper pipe corrosion as well as 
clogging of shower heads was pres- 
ent. Problem was corrected by the 
use of glassy phosphates. This instal- 
lation has enjoyed three years of 
trouble-free operation and there has 
been no recurrence of the problem. 
The one lb./gal. feed solution is fed 
in proportion to the flow, the feeder 
is electronically paced by a six-inch 
water meter. Every time 20 gallons 
pass the meter, a dose of phosphate 
is added. This dose gives an average 
concentration of 2 mg/L. The chem- 
ical is mixed by turbulence created by 
elbows in the system. The solution ‘is 
stored in a 30-gallon plastic drum 
which is refilled every 3 to 6 days 
depending on the water use. The use 
of a plastic drum allows a visual 
check on the level of remaining solu- 
tion. 
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Investigation of Liquid Alum Flow Measurement 


by KENNETH F. KNOWLTON 


Supt., Salem and Beverly Water Supply Board, Beverly, Massachusetts. 


and RUSSELL H. BABCOCK 


Water and Waste Division, The Foxboro Company, Foxboro, Massachusetts 


@ THE Use of liquid alum as a coag- 
ulant in water supply has become 
widespread over the last few years 
because of its availability, cost, and 
ease of handling. These are facts 
which make its use economically de- 
sirable. The Salem and Beverly Water 
Supply Board, recognizing these facts, 
made an installation for feeding liquid 
alum in January, 1955. 

During extensive work done with 
both pH and conductivity difference, 
we became more acutely aware of 
some of the mechanism of coagula- 
tion with alum. During the winter 
months in particular, we were able to 
produce good water with less alum by 
achieving close control of the alum 
dose, coupled with the fact that the 
alum was in solution before being ap- 
plied. Table 1 shows these data. 


CONVENTIONAL @p CELL TRANSMITTER FOR USE WITH 
VENTURI TUBE, ORIFICE PLATE, ETC. 


, Satin | ZZ 
nee =] * Z YZ 
INTEGRAL ORIFICE 

INTEGRAL ORIFICE ¢/p CELL 

FIG. |. SKETCHES SHOWING DIF- 
FERENCES between conventional dif- 
ferential pressure cell and integral ori- 
fice differential cell used in liquid-alum 
study. 


alum, we felt it could be of a simpler 
variety than the two types previously 
utilized. Because of this fact, it was 
decided to investigate the possibilities 





Table | Comparison of Quantities of Dry Alum & Liquid Alum 
Required for Coagulation 





Alum consumption (Ib per mil gal) 


Jan., Feb., and March 


Year 





1952 
1953 
1954 


1955 
1956 
1957 
1958 


304 
276 
305 


25! 
180 
181 
189 


235 
217 
242 


206 
170 
188 
182 





The raw water at this installation 


is rather uniform in its characteris- 
tics, and while some type of control 
was necessary for the feeding of the 


*Reprinted by permission of NEWWA. 
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of the actual flow measurement of 
liquid alum on a volumetric basis. The 
success of such a measurement would 
make the rationing of liquid alum to 
plant flow a simple matter. 


An Integral Orifice d/p Cell Trans- 
mitter, manufactured by the Foxboro 
Company, was installed to measure 
alum-syrup flow. Our previous in- 
stallations had not included any mea- 
suring device on the alum flow, ex- 
cept for a short period when a plain 
rotameter was used for some calibra- 
tion studies. 

To be really useful, any measuring 
device should be capable of easily 
transmitting the reading to any de- 
sired point in the plant and of using 
this same reading to control the feed 
of alum. The Integral Orifice d/p 
Cell Transmitter described in this 
paper has these characteristics. This 
device is, essentially, a conventional 
force-balance pneumatic transmitter, 
except that pressure taps are not taken 
off the conventional primary device. 
Instead, a small orifice is installed as 
part of the transmitter. The flow then 
passes directly through the transmit- 
ter, the differential pressure being 
measured and turned into a pneumatic 
signal in the conventional manner 
(Fig. 1). 

Since orifices are available for this 
device from 44” in size down to 0.020” 
in diameter, a wide range of liquid- 
alum flows can be handled with the 
device. Also, the transmitter is cap- 
able of adjustment from a full range 
of 20” to 250” of water. For example, 
the transmitter presently in service is 
equipped with an orifice with a bore 
of 0.0995 inch. Maximum range is 
250 gal per day or 0.15 gal per min. 
The integral Orifice d/p Cell Trans- 





mitter is capable of measuring accur- 
ately 25% of this value. A lower flow 
range could be achieved by merely 
substituting a smaller orifice, or vice 
versa. 

In our studies at Salem and Bever- 
ly we have used a standard receiver 
with a chart graduated from 0-100 
and devised calibration curves for dif- 
ferent orifices and differential ranges. 
This method allows for the broadest 
use of the equipment. 


So far, we have used the device 
only for measuring the alum flow. 
Control has been achieved by the pH 
instrument, the conductivity instru- 
ment, or manually. We have been par- 
ticularly concerned with determining 
whether or not the instrument would 
have a tendency to plug or develop 
coatings or deposits which would im- 
pair its operation. During six months 
operation there has been no evidence 
of plugging, and the measurement 
has been stable. This is in contrast to 
the reported experience at Chicago, 
where difficulty was experienced with 
plugging of transmitting rotameters. 
With a straight indicating rotameter, 
used over a two-month period, we ex- 
perienced no difficulty. 


LIQUID ALUM STORAGE 
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FIG. 2. LIQUID ALUM flow measurement at Salem-Beverly is illustrated 


schematically. 


The alum purchased is filtered and 
adjusted by the supplier to a uniform 
Al,Os; content of 8% (commercial pa- 


FIG. 3. MANUAL CONTROL provides chart record shown here. Note changes 


in feed rate. 


per-making grade). The  supplier’s 
truckman pumps it directly to a lead- 
lined storage tank, from which it is 
fed by gravity without dilution. This 
fact may account for the lack of dif- 
ficulty in our equipment. 

In three years of operation, only 
one plugging has occurred in the por- 
tion of the equipment handling undi- 
luted alum. On this one occasion a 
piece of foreign matter plugged the 
small opening in the pneumatic valve. 

In contrast, the portion of the sys- 
tem where the alum is diluted for 
addition to the raw water requires 
periodic cleaning, starting with the in- 
jector itself, where the alum and wa- 
ter first meet. This cleaning, however, 
is only necessary about four or five 
times a year. 

In the control of liquid alum 
through a small valve, it seems to be 
necessary to use some method which 
will keep the valve “alive.” This fac- 
tor eliminates the use of a simple con- 
trol method, where the valve position 
is set directly from the ratio of flow 
of water through the plant. In this 
case, small accumulations of sediment 
might gather in the valve, thus reduc- 
ing the alum feed. Also, it gives the 
valve stem a chance to stick in the 
packing. 

Whether pH, conductivity differ- 
ence, or a ratio controller between 
alum flow and water flow is used, 
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any irregularity in the flow of the 
alum will move the valve. Small de- 
posits in the valve are, therefore, au- 
tomatically flushed through. If the 
valve stem should~tend to stick, the 
air pressure-would gradually build up 
until the stent was freed. With a flow 
‘recorder on the alum feed, valve re- 
striction or sticking beyond a minor 
amount can be quickly spotted by the 
operator. 

In the case of the installation at 
Salem and Beverly, the liquid alum 
is held in a lead-lined wooden tank 
with a capacity of 5,000 gal. It passes 
by gravity from the tank, through a 
pneumatic control valve, and then 
through the Integral Orifice d/p Cell 
Transmitter. The flow is then sent 
into the suction side of the injector 
and delivered to the raw-water line 
at the point where it enters the plant. 
The alum is undiluted at the point of 
measurement. The pneumatic control 
valve has been used with both pH 
and conductivity-difference control- 
lers and could be used with either a 
flow-ratio or flow controller. 

Fig. 2 illustrates the physical ar- 
rangement of the alum tank and In- 
tegral Orifice d/p Cell Transmitter 
and injector within the plant installa- 
tion. The pneumatic receiver is located 
in the Superintendent’s office. 

Fig. 3 is a typical recorder chart 
when using manual control. Various 
alum feed rates are shown, as well 
as a condition where the valve was 
slowly plugging, due to stirred-up sed- 
iment in the storage tank. Automatic 
control could relieve the plugging and 
maintain a constant or a proportional- 
to-water-flow feed rate. 

Fig. 4 is an illustration of the In- 
tegral Orifice d/p Cell Transmitter, 
control valve and injector arrange- 
ment. It-shoukd-be-noted-that the liq- 
uid alum enters one side of the Trans- 
mitter and passes directly through and 
out the other side of the Transmitter. 


Calibration 


At Salem and Beverly the Trans- 
mitter was calibrated by measuring 
the time for a given volume to flow. 
To obtain more information on the 
range over which this device is used, 
a calibration program was undertaken 
in the laboratories of The Foxboro 
Co. Fig. 5 illustrates the arrangement 
of the equipment for this work. It 
consists, essentially, of a source of 
liquid alum under a constant head 
with a manually adjusted valve down- 
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FIG. 4. INSTALLATION OF integral 
orifice differential pressure cell trans- 
mitter, control valve and injector. 


stream of the Integral Orifice d/p 
Cell Transmitter. The temperature 
was controlled within one degree, to 
minimize the effects of viscosity and 
changing density. 

Fig. 6 illustrates the calibration 
curves which were derived from that 
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work. In this figure curves for..water 
and for liquid alum at 80° and 100°F. 
are shown. It. will be noticed that 
there are no calibration curves for the 
smallest and largest orifices. In the 
case of the smallest orifice, the flow 
was so small that it fell outside the 
range of practical liquid-alum use. In 
the case of the largest orifice, the 
reverse was true, due to our limited 
supply of alum. In the case of the 
largest orifice, however, there is no 
question that it would function satis- 
factorily and behave similarly to the 
other calibration curves. 

Automatic flow control is compar- 
able in its functions to a liquid feeder 
or metering pump. It provides the ad- 
ditional advantages of flow trans- 
mission, recording and a convenient 
means of changing the feed rate. 

This investigation of the flow of 
liquid alum—and more particularly, 
the application of the Integral Orifice 
d/p Cell Transmitter to this measure- 
ment—has shown this type of device 
to be capable of great flexibility due 
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FIG. 5. TEST ARRANGEMENT for integral orifice differential pressure cell 
transmitter, calibration shown schematically. 
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FIG. 6. CURVES FOR WATER AND LIQUID ALUM at 80°F and 100°F illustrate orifice sizes to obtain calibrated flows. 


to interchangeable orifices and wide 
adjustments of differential ranges. It 
also has produced none of the plug- 
ging difficulties which have plagued 
other types of devices. While this has 
been a discussion of the measurement 
of liquid alum, the Integral Orifice 
d/p Cell Transmitter is, of course, 
applicable to many other chemical 
flows. Since its construction is en- 


tirely of 316 stainless steel, it would, 
therefore, be ideal for measuring 
caustic solutions. 


The authors would like to acknow- 
ledge the co-operation of the Chair- 
man and Members of the Salem and 
Beverly Water Supply Board and the 
valuable assistance of R. K. Temple 
of The Foxboro Company. 
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Metering Phosphate Requires Accurate 
Threshold Treatment 


by E. G. LUCAS 


Water and Sewage, U. S. Army Defense Center, Fort Bliss, Texas 


@ INJECTING LARGE, uncontrolled 
doses of phosphate into a water sup- 
ply for the first time often results in 
rust or scale sloughing off the distribu- 
tion lines. This undesirable condition 
can be avoided by gradually increas- 
ing the phosphate dosages in care- 
fully regulated amounts, until the de- 
sired concentration is reached. 

Fort Bliss, Texas, relied on such 
accurate threshold treatment when in- 
itiating their water softening project. 
Early in 1958, the community began 
adding phosphate to its water supply 
at a rate of 0.2 ppm (parts per mil- 
lion). This feeding rate was increased 
50% every 30 days until a concentra- 
tion of two ppm was achieved. 

To continue water treatment, Ft. 
Bliss must add phosphate at two 
pumping stations in a manner that 


will maintain a uniform concentration 
of 2 ppm throughout the water supply 
system. This would bea relatively sim- 
ple job if both pumping stations were 
alike. But while the four supply 
pumps at the Desert Pumping Station 
discharge into a common line fitted 
with a Venturi tube, the Main Pump- 
ing Station has two pumps which dis- 
charge to one line and two other 
pumps which discharge to a second 
line. Consequently, the chemical feed- 
ing systems at the two stations re- 
quire different methods of control in 
order to insure a constant ratio of 
phosphate to water in accordance with 
varying water pumping rates. 

At the pumping stations, three mo- 
tor-driven, constant speed, controlled 
volume pumps meter the phosphate 
to the distribution lines. The 0 to 3- 
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AT FORT BLISS MAIN STATION, two controlled volume pumps have step-con- 
trol cf capacity to meet the needs of the reservoir pumps on the line. 
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inch stroke lengths of these Milton 
Roy pumps are automatically ad- 
justed by electric servo motors. Each 
motor positions a trunnion that holds 
the drive rod and which is mounted 
on a screw in a rocker box. The higt 
er the trunnion is in the rocker box, 
the smaller the arc through which it 
moves and consequently the shorter 
the stroke length. Besides positioning 
the trunnion for stroke length adjust- 
ment, the servo motor drives a po- 
tentiometer providing feedback in the 
control circuit. 


Position Control at Pumping 
Station #1 

At the Main Pumping Station, a 
controlled volume pump connects elec- 
trically with each pair of station 
pumps. Through the switching re- 
lays and control circuit, each con- 
trolled volume pump will automat- 
ically meter phosphate solution at 
one of three preset rates or stroke 
positions. The particular rate will de- 
pend on whether the first or second 
reservoir pump is operating alone, or 
whether both station pumps are op- 
erating together. Preset potentiome- 
ters for the control circuit of the 
stroke adjusting mechanism are tied 
in with the starting switches for the 
water pumps. 

When a supply pump starts, the 
relay also cuts the corresponding pre- 
set potentiometer into the feeder con- 
trol circuit. The servo motor in turn 
drives in a direction that balances the 
circuit with its feedback potentiome- 
ter ; simultaneously, it repositions the 
stroke adjustment. Thus if one water 
supply pump with a capacity of 2500 
gpm (gallons per minute) is on the 





line, the controls automatically set the 
stroke length of the controlled volume 
pump at 1% inches. If only the sec- 
ond water pump is operating and its 
capacity is 3500 gpm, the stroke 
length will be 13% inches. Finally, if 
both pumps are operating, the chemi- 
cal feed pump will operate at full 
stroke length—3 inches. 

The rate of chemical feed for each 
step is established by manually ad- 
justing the control potentiometers for 
the plunger stroke length correspond- 
ing to the desired capacity. The feed- 
ing rate can also be varied by chang- 
ing the strength of the phosphate 
solution, in a ratio of five pounds 
of phosphate per 100 gallons of 
make-up water for each 1/10th 


ppm desired in the distribution lines. 
Hence, the system offers maximum 


vhoto Courtesy Milton Roy Co. 
FEEDING RATE can be changed 
increasing or decreasing the oe 
of the phosphate solution. Thus 
preset capacities of the pat 
volume pumps need not be changed 
unless plant pumping rates are changed 
drastically. 


flexibility for setting chemical feed- 
ing rate and at the same time insures 
that the selected feeding rate will be 
in exact ratio to the flow of water. 
Pulsation dampers on each of the 
stainless steel pumps insure an even 
flow of phosphate into the lines. 


Proportional Control at 
Pumping Station #2 

At the Desert Station, where four 
reservoir pumps serve one distribu- 
tion line, the controlled volume pump 


Photo Courtesy Milton Roy Co. 


AT THE DESERT STATION, positioning control on the Milton Roy phosphate 
feed pump ensures continuous response to flow rate changes. 


feeds phosphate in ratio to the flow 
through a Venturi tube. A differ- 
ential pressure type flow meter 
measures the flow through the Ven- 
turi tube and sends a corresponding 
electric signal to an electronic ampli- 
fier. This, in turn, provides a signal 
for driving the stroke adjusting motor 
to the required position. At this sta- 
tion, the balancing potentiometer for 
stroke length adjustment is a charac- 
terized slidewire to extract the root 
of the square flow rate. Thus the 
change in capacity of the chemical 
feed pump is in linear ratio to changes 
in water flow. The feedback to the 
electronic amplifier cancels the sig- 
nal from the flow meter at balance. 


The phosphate feeding system is elec- 
trically connected to the Start and 
Stop switches of the water supply 
pumps so that they meter the phos- 
phate solution whenever water is 
pumped from the station. 

Sensitive to changes in flow rate 
due to increasing or decreasing pres- 
sure on the reservoir pumps, the sys- 
tem responds to flow changes with 
differential pressure changes of + 
1/16-inch water column. Overall ac- 
curacy of the chemical feed to water 
ratio is three percent. Feed injectors 
with needle shut-off valves, installed 
in the distribution lines, aid in the 
even mixing of the feed solution with 
water. 
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AT THE DESERT STATION, a null-balance control system adjusts pump capacity 
in accordance with changes in water flow through a Venturi tube. 
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CHLORINATORS and 
CHEMICAL FEEDERS 














Wallace & Tiernan Chlorinators, Diaphragm Pumps, 
Dry Chemical Feeders and WT Silactors“ have long 
been recognized as the most suitable equipment for 
efficient water works application. 

Now, this precision equipment gives even greater 
service. With W&T Chlorine Flow Recorders, and 
W&T Residual Recorders and Controllers, an entire 
water treatment plant can be automated and controlled 
from one master panel. Chlorine feed rate is electrically 
or pneumatically controlled to maintain an even chlorine 
residual figure 24 hours a day. 


W&T also manufactures: 


V-NOTCH CHLORINATORS 


In the W&T range of V-notch 
Chlorinators are machines that 
feed from 10 to 8000 Ibs. of chlor- 
ine per day. These chlorinators 
are accurate and dependable, rug- 
ged yet modern in design. Corro- 
sion-resistant materials, used 
throughout, assure long life and 
maintenance-free operation. The 
V-notch variable orifice insures 
a precise, easily controlled flow 
rate. And all models may be 
manually, semi-automatically, or 
automatically controlled. Send for 


TA-1041-C. 


WA&T Series A-711 
V-notch Chlorinator 


W&T DIAPHRAGM PUMPS 


WA&T Series A-747 Electrically Operated Diaphragm Pump 
W&T makes diaphragm. pumps suitable for feeding 
many chemical solutions. Available in three main 
types—electrically operated, belt driven and automat- 
ically water driven—they meet a wide range of needs 
for smaller water supplies. Cat. File 480.130 describes 
the Series A-747 Diaphragm Pump. 


WT SILACTOR® 


The WT Silactor continuously produces activated 
silica with chlorine. Chlorine and sodium silicate are 
withdrawn directly from their own containers without 
handling or dilution. All chlorine used in the WT Silac- 
tor is available for the normal functions of chlorine, or 
for the oxidation of iron, manganese, and other oxidiz- 
able material. 


DRY CHEMICAL FEEDERS & METERS 


When dry chemicals, such as lime, soda ash or alum, 
are used in water treatment, a W&T Dry Feeder is used 
to feed and measure them accurately. Both volumetric 
and gravimetric feeders, and gravimetric meters are 
available. They feature such advantages as easy cali- 
bration, extremely accurate feed rates and adaptability 
to batch or continuous controls. Send for Catalog No. 
310.020. 


W&T Paste Type Lime Slaker, Series A-758 
with Merchen Electric Feeder 


W&T PASTE TYPE LIME SLAKERS 


Designed to operate with W&T Dry Chemical 
Feeders, these slakers use a paste rather than a slurry. 
As a result, they produce completely slaked lime with 
half the time and half the water of conventional meth- 
ods. Models are available with capacities up to 4000 
Ibs./hr., and have a 20:1 range. Write for Catalog No. 
330.100, 


WALLACE & TIERNAN INCORPORATED 





25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 
Wallace & Tiernan Limited, 925 Warden Avenue, Scarborough, Ontaric, Canada. 
Wallace & Tiernan Limited, Power Road, London, W.4,: England. 
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CORROSION CONTROL’ 


HEN METALLIC structures, 

pipe or other water and sewage 
works equipment go into solution, the 
action is known as corrosion. Corro- 
sive action in the presence of moisture, 
depends on pH, temperature, oxygen, 
characteristic of the metal, etc. 


Effects of Corrosion 


Corrosion in water systems may 
result in tuberculation (with ac- 
companying loss in carrying capac- 
ity) and in disintegration of pipe, 
leaks in lines, clogging, deterioration 
of meter parts and leaks in domestic 
water heaters. Corrosion may also 
cause water to become turbid, colored, 
or to have an undesirable taste. Lead, 
or zinc dissolved may cause water to 
be toxic and copper and iron in 
water supplies will stain household 
fixtures. 

In sewage works, unfavorable cor- 
rosion effects are noted in mechanical 
equipment as well as in the deteriora- 
tion of metal structures of all kinds. 


Fundamentals of Corrosion 


No metal is stable in the presence 
of moisture and oxygen. All metals 
tend to be converted to oxides, hy- 
droxides or salts of the metal and 
therefore to be destroyed. Corrosion is 
an electro-chemical process. Moore, 
et al, explain the mechanism as 
taking place in four steps: 1. Anodic 
Reaction, 2. Cathodic Reaction, 3. 
Depolarization, and 4. Reactions of 
the Metal Ions.—1. A metal ion goes 
into solution with an alectron going 
to the main mass of metal; 2. The 
metal mass gives up electrons to re- 
act with hydrogen ions in the water 
to form hydrogen gas; 3. hydrogen 
is prevented from accumulating on 
the metal surface by reacting with 
oxygen dissolved in the water ; 4. The 
metal ions released to the water re- 
act with ions or oxygen in the water 
to form soluble or insoluble products, 
oxides, hydroxides, carbonates, etc. 

If one of these steps can be pre- 
vented or controlled then corrosion 
can be prevented or controlled. 


CORROSION CONTROL 


Principal methods by which cor- 
rosion is reduced, if not prevented, 
are: 1. Proper selection of material ; 
2. Use of protective coatings; 3. 
Treatment of the water. 


Materials 
The selection of material (metallic 


or non-metallic) will give considera- 
tion to characteristics of the material 
and its resistance to the dissolving 
effect of water. Non-metallic ma- 
terials include wood, concrete, as- 
bestos-cement, tile and plastics. 

Wood is infrequently used. Rein- 
forced concrete is used for tanks, 
other structures and for sewers ; pre- 
stressed concrete for water transmis- 
sion mains and elevated storage 
tanks. Asbestos-cement is used as 
siding for buildings, for shear gates 
in sewage conduits, and for water 
and sewer pipe. Neither concrete nor 
asbestos-cement will withstand acid 
waters. 

Tile is used for sewers, and filter 
bottoms in both water and sewage 
plants. Plastics are corrosion resistant 
but have a temperature limitation. 

Metals commonly and widely used 
are cast iron for water mains; steel 
for structural members of buildings 
and for mechanisms and mechanical 
equipment of all kinds. 


Copper pipe is used for house 
piping but it should be tin lined if 
the water is soft and contains car- 
bon dioxide in appreciable amount. 
Red brass (85 percent copper) is re- 
sistant to corrosion, but if the cop- 
per content is less than 60 percent, 
zinc will be dissolved out in soft 
waters. Lead pipe can be used in 
hard waters, but not in soft. Alum- 
inum is used mostly for decorative 
purposes, stairs, hand rails, gratings, 
etc. 

Special corrosion resistant alloys 
are used for specific purposes, par- 
ticularly in the handling of chemical 
solutions, or in sewage plants where 
silicon bronze is used for valves, 
sluice gates, etc. Rubber and hard 
rubber, glass or plastic are used for 
handling moist chlorine or chlorine 
in solution and other chemicals. Dry 
liquid chlorine is handled in black 
iron, steel or copper. Ceramics are 
used for tanks for corrosive chemi- 
cal solutions. 


Protective Coating 


Construction of pipes and equip- 
ment of completely non-corrosive 
materials is generally too expensive, 
or the material does not have desired 
strength, etc. Instead materials sub- 
ject to corrosion are coated with an- 
other material that is non-corrosive 
or at least corrosion resistant. 

Protective coatings may be non- 
metallic or metallic. Non-metallic 


coatings include paints; asphalts or 
bitumastic, rubber, plastic, glass, and 
cement linings. Asphaltic and cement 
linings are used in water mains; 
rubber, plastic and glass in small 
pipes or tanks handling corrosive 
chemical solutions. Specially devel- 
oped paints are applied to mecha- 
nisms and structures for water and 
sewage works. The old advertizing 
slogan, “Save the surface and you 
save all” is applicable in water and 
sewage works. 


Metallic coatings are used and 
are useful in certain applications. 
Best known perhaps are zinc and 
lead. Galvanized iron is resistant to 
atmospheric corrosion but it is seldom 
used for contact with liquid. Copper, 
nickel, chromium, etc. are effective 
coatings for some uses, with the 
coating being applied by electroplat- 
ing. Aluminum coatings are also 
used. Creation of a corrosion resis- 
tent surface of the metal itself by 
oxide or phosphate layer is done by 
Parkerizing, bonderizing or anodiz- 
ing. Natural protection is afforded 
by the deposition of protective layers 
as calcium carbonate or silicates, or 
oxides on aluminum, etc. 


Treatment 


According to Moore, et al., cor- 
rosion may be prevented or reduced 
by treatment of the water, including 
pH adjustment, deposition of mineral 
film such as calcium carbonate, or 
phosphates, addition of organic cor- 
rosion inhibitors, adding agents to 
make the metal passive, and removal 
of dissolved oxygen and carbon di- 
oxide. 


Since corrosion is an electro-chemi- 
cal process it can proceed under the 
influence of galvanic action where 
unlike metals are close together; 
stray electric currents will also cause 
corrosion. Best preventive for these 
types of corosion, is cathodic pro- 
tection whereby a definite current is 
impressed on the metal to prevent the 
metal tendency to dissolve. Cathodic 
protection systems have been quite 
effective in preventing corrosion in 
elevated steel storage tanks, cast iron 
and steel pipe lines, and in sewage 
plant equipment. 


* Based on material in “Fundamentals of 
Corrosion and Its Mitigation” by Moore, 
Sears, and Rubin; Wat. & Sew. Wks. 
100 R-102 (1953) 
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Practical Corrosion Testing 


@ DEZINCIFICATION of brass gate 
stems and dissimilar metals electroly- 
tic cell corrosion of metals and alloys 
used in the fabrication of water works 
gates and valves have caused prob- 
lems and failures in water distribu- 
tion systems in the Los Angeles area 
of Southern California. The problem 
has become more apparent upon the 
extensive use and mixing of partially 
softened Colorado River water with 
local sources of supply. The Colorado 
River water, when received, has an 
electrical conductivity of approximate- 
ly 1230 (K x 10*) mhos or 800 ohms 
/cm® resistivity which classifies it as 
a very corrosive water. 

The Corrosion Engineering Section 
of the Los Angeles Water Distribu- 
tion Division was asked to determine 
which metals or alloys would be most 
suitable and economical for use as 
gate stems, bushings, gate seats, rings 
and other parts or fittings where fail- 
ure of water works structures had 
occurred. To accomplish these ends it 
was necessary to establish methods 
for evaluating operating experience 
and to devise test procedures to ob- 
tain data both in the field and in the 
laboratory. 

Dissimilar metals corrosion cell 
couples were the most setious contrib- 
utors to failure in the distribution sys- 
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by WILLIAM E. KIRKENDALL 


Water Distribution Division, Los Angeles, Calif. 


tems. In addition to having required 
mechanical strength, combinations of 
metals had to be found for use in 
places where dissimilar metals could 
not be avoided. 

Laboratory testing methods had to 
measure not only the corrosion resis- 
tance of various metals and alloys 
used but also their corrosive effects 
on adjoining structural metals or 
those in mutual contact with corrosive 
aqueous solutions. Sensitive electrical 
measuring instruments would be re- 
quired for such testing. The main ob- 
jective, however, was to develop 
simple tests which could be conducted 
on laboratory built equipment and 
would provide the practical informa- 
tion needed. 

Since natural waters are not simi- 
lar, it was found that the use of tables 
on the “Galvanic Series” of metals 
and alloys are not entirely applicable 
to each particular water. Many of 
these lists and tables are compiled 
from data obtained with aqueous solu- 
tions of electrolytes which don’t con- 
form to the character of water used 
in Southern California or to the par- 
ticular environment in which these 
water works structures are exposed. 


Electrolytic Couples 


The self corrosion of metals and 


alloys results from micro-cell electro- 
lytic couples in aqueous solutions. 
The dezincification of brass and de- 
ferrization of cast iron are typical well 
known examples. The loss of struc- 
tural strength results from the corro- 
sive action caused by the dissimilar 
components in the matrix of the met- 
al which form minute anodes and 
cathodes both mutually in contact 
with the aqueous solution of electro- 
lytes. The corroded structure becomes 
honeycombed with deposits of corro- 
sion products and the original sound 
metal becomes spongy and porous, 
and eventually loses most or all of its 
mechanical strength. 

Brass gate stems and other parts 
are particularly susceptible to dezinc- 
ification when exposed to waters with 
a high content of ionized dissolved 
salts, especially sodium, chloride and 
sulfate. Colorado River water is such 
a solution of electrolytes, and dezinc- 
ification of brass is a common exper- 
ience with water works operators de- 
livering Colorado River water through 
their distribution mains. 

A practical and inexpensive ex- 
posure test can be made on metals or 
alloy compositions to determine their 
susceptibility to micro-cell electrolytic 
corrosion. This simple test as indi- 
cated in Figure 1 can be used to screen 





out specimens showing least immun- 
ity to corrosion. The remaining speci- 
mens exhibiting desired characteris- 
tics can be subjected to more exacting 
and selective tests. 


Stress Corrosion 


Multiple tests on behaviors of met- 
als and alloys with respect to stress 
corrosion under strain and periodic 
reversals of application of torque, 
such as water works gate stems are 
subjected during actual operations of 
opening and closing gates, will indi- 
cate those least susceptible to failure 
by progressive fracture; and micro- 
graphic examinations will show the 
effects of corrosion penetration into 
minute cracks and crevices developed 
under tension and/or repeated rever- 
sals of application of torque. 

Cross-sectional penetration of spec- 
imens by progressive fracture will be 
accompanied by decreases in electrical 
conductivity along lengths of the spec- 
imens, and loss of metal by corrosion 
will also be accompanied by decrease 
of electrical conductivity. Loss of 
weight of metal by corrosion will be 
a measure of the average corrosion 
penetration per unit of surface area 
of the specimen exposed to contact 
with solutions of electrolytes. Using 
test specimens having dimensions in- 
dicated in Figure 2, the values ob- 
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FIG. 1. PLASTIC TEST RACK held to- 
gether with two coated eye bolts 
will support 6 metal specimens shown 
in center. 


tained by test will be given and re- 
corded as c.g.s. units of loss of metal 
by corrosion in milligrams per square 
decimeter per day (m.d.d.), which is 
a widely recognized and used stand- 
ard of corrosion measurement. 


Adjacent baser metals 


In addition to being themselves rel- 
atively immune to micro-cell corrosion 
attack, dissimilar metals and alloys 
used for water works gate stems and 
other parts should be tested to deter- 
mine which combinations in completed 
gate assemblies will have least tenden- 
cy to cause corrosion of adjacent bas- 
er metals. For example, bronze gate 
stems and gate seat rings will be cath- 
odic to cast iron or steel and the baser 
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FIS. 2. ARRANGEMENT of Test Rack Suspension from buoy at water level. 


Four specimens of each com 


petitive material are required. One unexposed 


comparison sample and 3 test specimens, | each for 3 periods of test ex- 
posure 


A. For dezincification and/or micro-cell self corrosion no other specimens needed. 


B. For tests on dissimilar metals coupling effects, specimens may be electrically cou- 
me. to — rods or bars the baser metal suspended from near hub of 
s 


C. For weight loss of baser dissimilar metal, | coupled and | uncoupled wei 


specimen of the baser metal are required. Baser metal specimens 


hed 
should pot 


greater surface area of exposure than noble metal specimens. 
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metals will suffer anodic corrosion in 
the dissimilar metals electorlytic cell 
couples formed by their mutual con- 
tact with aqueous solutions of electro- 
lytes. 

The degree of tendency of any com- 
bination of metals and alloys to cause 
dissimilar metals electrolytic cell cor- 
rosion of adjoining baser (more an- 
odic) metals can be measured by con- 
necting the anodic and cathodic metals 
in external circuit through sensitive 
electrical measuring instruments, with 
the electrolytic or internal circuit 
closed by mutual contact with solu- 
tions of electrolytes such as they will 
encounter in actual service use. The 
potential differences indicated by sen- 
sitive electrical measuring instruments 
will be a measure of the tendency of 
that particular combination of dis- 
similar metals to cause corrosion of 
the more base or anodic metal. The 
most desirable combination of dis- 
similar metals used in water works 
gate construction would be to have 
the gate stems, gate seat rings, etc., 
slightly (but only slightly) cathodic 
to adjacent baser metals. Metals and 
alloys are available which are not so 
widely separated by electrolytic po- 
tential difference as are some of the 
bronzes from cast iron and steel at 
present used. 


Proposed Corrosometer 


Water works operators have some 
problems of practical testing and 
measurement of dissimilar metals cor- 
rosion caused by metallic contact and 
electrolytic cell coupling of bronzes 
and other metal alloys used for gate 
stems and other parts of water works 
gates and valves with the steel or cast 
iron of which gate bodies and disks 
are made. 

The preliminary design for testing 
and measuring relative effectiveness 
of various dissimilar metals and alloys 
used in water works gate and valve 
construction for mitigation of dissim- 
ilar metals corrosion problems has 
been evolved from a combination of 
the Thin Section Tests described by 
E.S. Hedges of Cambridge, England 
with practical considerations of econ- 
omical applications of the corrosom- 
eter described by Albert W. Bruce 
and Ben C. Albritton of the Pacific 
Gas and Electric Company. 


Tests and corrosion measurements 
applied to thin sections of the var- 
ious metals and alloys considered for 
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use in gate and valve construction 
would be practical, economical and 
directly comparative. They can be 
made to show corrosion losses result- 
ing solely from attack upon the var- 
ious metals and alloys by aqueous so- 
lutions of electrolytes, under condi- 
tions of stress and torque imposed by 
notmal operations. By coupling them 
with the baser metals of gate body 
construction, the effects of dissimilar 
metals corrosion cell couples can be 
measured. With data obtained by such 
tests, selection of the most suitable 
metals and alloys for a particular use 
can be determined. 


Test Specimen Size 


Test data on corrosion losses vs. 
time of exposure and service use can 
be directly translated into units of cor- 
rosion penetration or weight loss of 
metal per unit of time, as m.d.d. (a 
standard referred to above). Loss of 
weight by corrosion of a thin metal 
section measuring 10 cm x 0.4 cm x 
0.01 cm will be the weight of metal 
corroded from 10 sq cm of metal sur- 
face exposed to corrosive attack, 
which is 1/10th of a square decimeter. 

By calculation, if: 


A = cross-sectional area of the test speci- 
men, and 
T = tension to be applied to the specimen 
(in Ibs.) ; 


Then the thin section specimen hav- 
ing dimensions of 10 cm X 0.4 cm 
Xx ». 1 cm would have an: 

= 04x 0.1 = 0.04 s 
or ym 1 t cm = 0.3937)" = = 0.155 sq 


= 
== 0.04 x 0.55 = 0.0062 sq inches. 


By applying a one pound tension 
spring to such a small specimen would 
then make : 


0.0062 

These thin section dimensions have 
been tentatively selected as standard 
test specimens because they give meas- 
urements of loss of weight by corro- 
sion directly in terms of c.g.s. units 
of m.d.d. (milligrams/sq dm/day). If 
tests are conducted for a period of 
10 days, milligrams loss of weight of 
metal by corrosion will be the aver- 
age m.d.d. This value can then be 
converted to IPY or any other stand- 
ard units desired. Other dimensions 
of test specimens are adaptable and 
may be used when necessary or 
desirable, but they would involve use 
of constants and’ correction factors. 

The tension’ spring indicated in 
Figure 3 is to permit application of 


= 1613 psi 
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FIG. 3. PROPOSED ADAPTIONS to Pacific Gas & Electric Corrosometer 


for water industry corrosion measurements. 


. Adjustable flow inlet 
. Tension adjuster 

- Tension guage 

. Tension spring 


Electrically insulating non-rotating tension 
slide 


. Metal pin 
» M.V. meter 
. To coupled dissimilar metal 


torsional stresses, which are charac- 
teristic of water works gate stems in 
service use and operations. Seldom 
will it be necessary for the value of 
T to be more than a few pounds. The 
exact values are not critical for prac- 
tical purposes. 


Comparative Information 


To make any laboratory test indica- 
tive of practical service performance, 
it is necessary that conditions im- 
posed by the test shall (so far as 
possible) simulate conditions of ex- 
posure to which the metals tested will 
actually be exposed in service use. In 
the case of water works gate stems, 
the metals or alloys of which they are 
made should be placed under condi- 
tions of tension, torque, and exposure 
to corrosive attack not unlike those 
which they will encounter in water 
works operations. This has been care- 
fully considered in preparing the 
Figure 3. The conditions of tension 
and of reversal of torque indicated 
are designed to impose strains and 
stresses simulating those encountered 
by gate stems when repeatedly open- 
ing and closing water works gates. 
They impose conditions leading to 
progressive fracture, often referred to 
as “fatigue failure.” 

Microscopic and micrographic 
studies of dissimilar metals failures 
in service have indicated that in many 


Wheatstone bridge type electrical con- 
ductivity meter 


- 10 cm x 0.4 em x (t-)/mm specimen 


« Electrically insulating torque applicator 


(Rotate # '/, turn, right or left, every 
24 hours) 


L. Overflow outlet 


M. Plastisol coated tension-torque test speci- 
men holder 
N. 


Pyrex glass immersion test cell 


instances failures were a result of 
“progressive fracture” combined with 
corrosion penetration into the micro- 
scopic ruptures, and deepening of so- 
called “fatigue cracks.” Service fail- 
ures of water works gate stems ap- 
pear to be caused by combinations of 


all of the following deteriorating 
effects : 


1. Direct corrosion attack upon the 
metal or alloy used. 


2. Micro-corrosion cell electrolysis 
of electro-chemically dissimilar erys- 
tal constituents of the alloy matrix. 


3. Progressive deepening and en- 
largement of minute cracks and crev- 
ices initiated by strain and torque 
stresses applied to the gate stems by 
intermittant operations of opening and 
shutting gates. 


4. The effects of deposits (micro- 
scopic in size) of corrosion products 
in the cracks and crevices (and of 
occluded gases and vapors, as well as 
their liquid solutions) such deposits 
acting as fulcrums to further deepen 
stress cracks developed under tension 
and periodic reversal of torsional 
stresses applied to gate stems by op- 
erations of opening and shutting 
gates. This is what Dr. Donald S. 
Clark of Cal Tech describes as 
“Progressive Fracture” replacing the 
term “Fatigue Failure.” 





5. Other, as yet undetermined, fac- 
tors may also be involved, but the 
four items listed above appear to be 
the most probable and self-evident 
causes of gate stem failures. 

Some of these effects of corrosion 
in reducing the useful service life of 
metals and alloys used in water works 
gates and valves can be measured and 
compared, using laboratory apparatus 
and equipment such as that indicated. 
Microscopic examinations of uncor- 
roded vs. corroded specimens will 
further indicate the nature and ef- 
fects of progressive fracture. And 
micro-chemical indentifications of the 
corrosion products deposited in the 
stress-produced cracks and crevices, 
and on metal surfaces exposed to cor- 
rosive attack, (using the methods of 
chemical microscopy) will suggest or 
indicate the nature and behavior of 


causes of service failures of water 
works gate stems and may suggest 
practical remedies. 

To obtain data on the corrosive 
effects of velocity of flow of aqueous 
solutions over and across exposed 
metal surfaces, with testing apparatus 
and equipment illustrated, it will be 
necessary to use a closed test cell 
having adjustable flow inlet with 
directed velocity impingement under 
pressure. In all other respects, meas- 
urements and recording of corrosion 
losses, and microscopic examination 
of uncorroded vs. corroded speci- 
mens, will be the same as with tests 
indicated by Figure 2. 


Conclusions 


The corrosion of metals and alloys 
presently used in the manufacture of 
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water works gates and valves have 
been the source of problems and dis- 
tribution system failures in the South- 
ern California area. Dissimilar metals 
corrosion has been the cause of the 
most serious failures. 

There must be some practical way 
to test metals or combinations of 
metals under the conditions to which 
they are to be used. Such testing 
would identify the best suited metals 
for each use. 

The suspended specimen test rack 
and the corrosometer have been de- 
scribed as tools for use in testing 
metals under conditions imposed by 
local conditions. Other devices and 
survey methods are probably in use 
by the water works industry although 
very little on this subject has been 
reported in the literature. 
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LABORATORY CONTROL 


Rape WATER and sewage plant 
should have some laboratory facil- 
ities. The size of the laboratory and 
the equipment it contains should be 
determined according to the size of 
the plant and the extent of treatment. 
Both of these factors will affect the 
frequency of sampling and testing 
and the number and complexity of 
tests to be made. 


Water Treatment 


In most states, it is the general 
practice to have water samples ana- 
lyzed by the state health laboratory at 
least once a month and for the water 
plant to submit a monthly report of 
results obtained by routine testing at 
the plant. Many state health depart- 
ments stipulate the frequency and 
kind of tests to be made on a routine 
basis. 


Chlorination 


Where chlorination is the only 
treatment practiced, testing equip- 
ment is required to determine the 
amount and kind of chlorine residu- 
als. Handy colorimetric test kits are 
available. This same equipment is 
useful in larger plants, as well. 


Coagulation, Sedimentation, Filtration 


Equipment for determining proper 
coagulation dosage is essential to good 
control of the process. The coagula- 
tion “jar test,” made using a multiple 
laboratory stirrer, is the best control 
test. Waters requiring coagulation 
usually are tested for pH alkalinity, 
turbidity, color and taste and odor. 
Alkalinity requires a minimum of 
laboratory apparatus and pH can be 
determined colorimetrically with dyes. 
For pH, however, it is preferable to 
use an electric pH meter and larger 
laboratories should be so equipped. 
Turbidity tests require a turbidimeter 
(either candle or electric). Color tests 
can be made in a colorimeter, one 
type of which utilizes colored glass 
discs and the other which uses Nes- 
sler tubes containing standard color 
solutions. 


Bacteriological Control 


Where the water supply is taken 
from a surface supply, particularly in 
a flashy stream, or one subject to 
human pollution, it is desirable to 
make bacteriological tests on both raw 
and finished water. The most common 
tests are the bacteria plate count, and 
the presumptive or confirmed test for 
coliform organisms. Both require a 
refrigerator for keeping prepared 
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media and a constant temperature 
37°C incubator. Some special labora- 
tory glassware and a bacteria colony 
counting device are also required. 


Taste and Odor Control 


Most of the taste and odor prob- 
lems in water supplies come from 
alge. Treatment of alge in reservoirs, 
particularly with copper sulfate, must 
be controlled according to the type of 
alge present. In order to identify the 
alge organisms, a laboratory should 
be equipped with a microscope and 
pertinent equipment. 


Softening 


In addition to pH and alkalinity 
tests in softening, hardness determi- 
nations should be made. In large 
softening plants more complete chem- 
ical analyses are made to determine 
calcium, magnesium, sulfates, chlo- 
rides, etc. Also, the laboratory is usu- 
ally equipped to analyze the chemicals 
purchased. A fairly well equipped 
laboratory is required. 


Sewage Treatment 


Many state health departments re- 
quire sewage plants to submit monthly 
records of routine tests and in some 
cases stipulate the tests to be made 
according to the size and type of 
treatment plant. 


Primary Treatment and Chlorination 


In the smallest plants, where only 
primary treatment is used, such as 
Imhoff Tank plants, settleable solids 
by volume are required, using the 
Imhoff cone test. In some small 
plants, the methylene blue stability 
test is also made. When chlorination 
is also used, residual chlorine tests 
should be made but the type of resid- 
ual is not important. 

In larger plants utilizing primary 
treatment only, the tests made will 
include suspended solids, B.O.D. and 
possibly pH and alkalinity. If gas 
from separate digestion is collected 
and used, gas analyses may be made. 
Where chlorination is important to 
the control bacterial pollution of the 
receiving waters, bacteriological tests 
must also be made as well as chlorine 
demand tests and chlorine residual 
tests. Special tests on settleable solids 
by weight may also be made. 

All of these tests require a certain 
amount of laboratory apparatus and 
glassware for specific purposes. In 
addition, B.O.D. tests require a con- 
stant temperature 20°C incubator. 


Solids determinations require an ana- 
lytical balance, steam or water bath, 
drying oven and muffle. Gas analyses 
require special analytical apparatus, 
but pH, alkalinity and bacteria re- 
quire the same equipment as used in 
the medium and large sized water 
works laboratories. Chlorination con- 
trol uses the same equipment as used 
in water works. 


Secondary Treatment 


If trickling filters are used, B.O.D. 
tests are required. The activated 
sludge process likewise requires the 
B.O.D. test and control tests using 
dissolved oxygen determinations, 
sludge volume and density determina- 
tions. None of these require any addi- 
tional types of equipment to that al- 
ready outlined. 


Sludge Dewatering 


When sludge is digested, some con- 
trol tests are made on the raw and 
digested sludge. Usually these are 
total solid matter, volatile matter, pH 
and alkalinity. The same equipment 
is used as for testing raw sewage. If 
the sludge is dewatered on vacuum 
filters, control tests are necessary to 
determine the proper dosage of chem- 
icals. For this control, pH, alkalinity 
and other special tests may be used, 
but no special apparatus is required 
except a pH meter. 

If the dewatered sludge is dried or 
incinerated, moisture and volatile 
matter determinations may be made 
on both the cake and the dried sludge. 


Sampling and Control 


The location of sampling points 
and the number of samples to be col- 
lected at each point during a day, will 
depend on the size of the plant, the 
degree of treatment required, the re- 
ceiving body of water, etc. In small 
plants, grab samples may be per- 
mitted, in medium sized plants sam- 
ples representing several hours out 
of the day, should be collected and 
composited. In large plants samples 
should be collected every hour and 
composited for the 24 hour period. 
Where composite samples are used a 
refrigerator is necessary in the lab- 
oratory. 

Laboratory equipment in any sized 
plant should be housed in a separate 
room (or rooms) well equipped with 
benches, sinks, drawers, cabinets and 
other normal laboratory fixtures. For 
many tests there are now special in- 
struments for making the necessary 
determinations; such equipment is 
recommended for the larger plants. 





FOR WATER WORKS 


Multiple Stirrer 


When several samples are mixed si- 
multaneously under identical condi- 
tions the optimum concentration of 
flocculent may be quickly selected and 
translated to plant quantities. . . . The 
mixer takes 1,000 ml. beakers. Speeds 
from 10 to 100 r.p.m. are standard. 


Cat. No. 77-700 


ENSLOW 


Stability 
Indicator 


For checking the equilibrium of a fin- 
ished water, and supplying an index 
useful in controlling anti-corrosion 
treatment. 


Cat. No. 83-895 





FOR SEWAGE WORKS 


Effluent Sampler 


The effluent sampler is the answer to the problem of 
taking samples periodically from effluent streams, rivers, 
etc., for compositing and analysis. Mechanical sampling 
in this manner is more dependable, because the time 
cycle is more precise, and the volume of each sample is 
accurately controlled. The only time required of person- 
nel is that involved in changing receivers. 

This Effluent Sampler is compact, portable, simple to 
operate, with a self-priming pump that lifts liquid to a 
height of six feet, and an easily-regulated by-pass feeder. 
Practically no maintenance is required. 

Full operating instructions are furnished with each 
instrument. Additional electrical outlets are provided, 
along with ample storage space for cord or extra tools. 


Cat. Ne. 83-924 


PHIPPS BIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
[22/ 6th & Byrd Streets - Richmond, Va. 
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Checking Chart 
For Dry Chemical Feed Machines 


By A. A. HIRSCH 


State Department of Education, Baton Rouge, Louisiana 
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DETERMINING SUSPENDED SOLIDS USING A 
SPECTROPHOTOMETER+* 


by DANIEL KRAWCZYK and NORBERT GONGLEWSKI 


Respectively, Associate Chemist and Sanitary Chemist, Buffalo Sewer Authority, Buffalo, N. Y. 


eae ae to “Standard Methods,” 
the determination of suspended 
solids involves the deposition of sus- 
pended material on a mat of asbestos 
fiber (1). The over-all time needed 
to complete such an analysis exceeds 
one hour. Normal routine in a treat- 
ment plant laboratory may require 
that four to six such determinations 
be made daily. Moreover, if the lab- 
oratory control program is expanded 
and greater numbers of suspended sol- 
ids analyses are required in a min- 
imum amount of time, the Gooch 
method has serious handicaps because 
more extensive facilities will be re- 
quired. 

The Buffalo Sewer Authority lab- 
oratory was confronted with the prob- 
lem of conducting 20 to 30 suspended 
solids determinations per day when 
a study of sedimentation tank effi- 
ciencies was planned. Because facili- 
ties were limited, some samples had 
to be kept under refrigeration and 
analyses conducted the following day. 
Most probably, results would have 
been more satisfactory if all the lab- 
oratory work could have been com- 
pleted on the day the samples were 
collected. 

In view of the disadvantages of the 
Gooch method, an investigation was 
started to find a more rapid method of 
analysis. In 1935 Holmes (2) report- 
ed on a method for the determination 
of suspended solids using a colori- 
metric procedure without resorting to 
filters. A nephelometric system (3) 
showed some promise but colors in- 
herent in various sewages eliminated 
this possibility from further consid- 
eration. 


* Presented at the Spring Meeting, New 
York Sewage and Industrial Waste Assn. ; 
Liberty, N. Y.; May 26-27, 1958. Reprinted 
from SIWA Jour. Vol. 31, No. 10. By per- 
mission. 


Filter Photometer 
Particle Size 

An attempt was made to measure 
suspended solids using a filter photom- 
eter with a variety of cells and in the 
first group of experiments it was 
found that particle size influenced the 
deflections of galvanometer needle. 
However, Holmes (2) using a colloid 
mill overcame the problem of non- 
uniform particle sizes and further in- 
vestigation at Buffalo revealed that 
utilization of a~ blender would bring 
about uniform particle sizes. 

A simple test was carried out to 
measure in some degree the uniform- 
ity of particle size of the blended sew- 
age. From a gallon of raw sewage 
two 1-1 samples were taken. One 
sample was blended and poured into 
an Imhoff cone, then the other sam- 
ple (unblended) was poured into a 
second Imhoff cone and the respec- 
tive settling rates were observed. The 
results from one such test are given 
in Table I. Repeated tests demon- 
strated that solids from the blended 
sewage settled in a “clump” whereas 
solids from the unblended sample set- 
tled at carying rates. These obser- 
vations show that blending produces 
a more uniform particle size, for ac- 
cording to Stokes’ law, particles of 
the same size and the same density 





Table | 
Settling Time of Settleable Solids 





Settleable Solids 
Unblended Blended 
Sewage Sewage 


5 1.5 
10 y 0 
15 ? 0 
30 ; 0 
45 0 
60 . 2.7 
75 . 2.7 
90 27 


Settling Time 
(min.) 











Table Il 
Five-Day BOD of Blended and 
Unblended Sewage Samples 





Unblended Blended 








will settle with a constant velocity. 

Samples of raw sewage were blend- 
ed for various periods of time and 
their transmittancy was read at l-sec 
intervals. These data are shown in 
Figure 1 and the results indicate that 
uniform particle sizes were obtained 


after 90 sec of blending. 


BOD 

After reaching this point, informa- 
tion was sought on possible biochem- 
ical changes that may be caused by 
blending. This was done by compar- 
ing the BOD values of blended and 
unblended sewage samples. The re- 
sults from these examinations are 
given in Table II. As a precaution 
during blending, the blender top was 
covered to minimize the absorption 
of oxygen. 
Project Abandoned 

Continued studies with the filter 
photometer revealed that no other 
problems were encountered which 
could be attributed to variations in 
particle size; however, inherent col- 
or caused serious troubles. Efforts 
to solve the color problem with a 
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suitable filter arrangement were un- 
successful and the experimental stud- 
ies were suspended. 
Spectrophotometer 

After purchase of a spectrophotom- 
eter, preparations were made to re- 
sume the search for a quick test for 
suspended solids. With this instru- 
ment, wave lengths of 7,000 to 10,- 
000 A could be used and colors that 
might be encountered in sewage 
should cause no interference at these 
higher values. Figure 2 shows the 
effect of color on transmittancy at 
various wave lengths. The transmit- 
tancies of all three colored sewage 
samples intersect at about 9,000 A 
and continue together thereafter, in- 
dicating that color would have only 
a negligible effect above 9,000 A. List- 
ed in Table III are some common 
colored solutions and for each is 
shown the wave length for minimum 
transmittency as well as the maximum 
transmittancy at 10,000 A. 

With the initial difficulties of par- 
ticle size and color minimized, the 
problem resolved itself into an appli- 
cation of the laws of colorimetry. 
Briefly, the laws of interest in this 
study are: 

1. Lambert’s—At constant concen- 
tration the amount of light which is 
absorbed in passing through a minute 
layer of a homogeneous liquid is di- 
rectly proportional to the intensity of 
light. 

2. Beer’s—Absorption of light in a 

layer of liquid is proportional to the 
number of absorbing particles or 
weight concentration. 
3. Ostwald’s—The absorption maxi- 
mum of a colloidal solution shifts with 
increasing dispersion toward the 
shorter wave lengths (4). 

Manipulation in the higher wave 
lengths was desirable to eliminate col- 
or interference and to lessen involve- 
ments with Ostwald’s law. 


Table Ill 


Colorimetric Characteristics of 
Common Colored Solutions 








Wave 
Length at 
Max Ab- 
sorbancy 


Transmit- 
tancy at 
10,000 A 

(%) 


100 

100 

98 

98 

100 

6,170 100 
6,250 100 
6,500 98 


0.01% Solution 





Copper-ammonia complex 
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TRANSMIT TANCY (%) 


Sif 














Blending Time 
(sec) 


°—30 
e—45 
4—60 
a—90 
s—120 





Wo i 2 3 4 


a. 
5 


ELAPSED TIME (sec) 


FIGURE 1.—Effect of blending on transmittancy. 


Evaluation Procedure 


Inasmuch as no “standard” sewage 
sample was available for test pur- 
poses, compliance with the light laws 
had to be evaluated by another meth- 
od. Over a period of two years, sam- 
ples of raw sewage, clarifier influent, 
clarified efluent, and non-settleable 
clarifier influent were examined for 
their suspended solids content by both 
the Gooch and spectrophotometric pro- 
cedures (see Appendix). The results 
were plotted as the logarithm of 
transmittancy against suspended sol- 
ids concentration (Figure 3). The 
analytical results from the Gooch 
method were used as the true value 
of the suspended solids and the con- 
centrations encountered varied from 
20 to 480 mg/1. As the plotted points 
began to form a straight line, the 
hoped-for compliance with the perti- 
nent light laws seemed to be realized. 

The limits of the instrument were 
arbitrarily set at from 30 to 90 per 
cent transmittancy. Samples with 
readings below 30 per cent were di- 
luted so that transmission would fall 
somewhere between the selected val- 
ues. In initial experiments the sew- 
age was diluted with distilled water ; 
however, it was discovered that when 
sewages containing more than 180 
mg/l of suspended solids were di- 
luted this way, the results consistently 
fell below the Gooch results. Addi- 
tional experiments showed distilled 
water to be capable of dissolving some 
of the suspended matter in sewage. 
Now filtered sewage or sewage from 


which the settleable solids have been 
removed is used as dilution water and 
the results have been gratifying. Tap 
water as a dilutent also gave repro- 
ducible results which were in agree- 
ment with the Gooch results. 


A further test to determine if the 
light laws were being respected was 
made by diluting a suspension of sew- 
age with a known concentration of 
suspended solids. Dilutions were 
made by diluting a suspension of sew- 
temperature as the sewage (Table 
IV). The diluted sewage samples 
were essentially identical with the cal- 
culated points thus demonstrating 
that the suspended solids concentra- 
tion is directly proportional to the 
amount of light transmitted. 


Precision 

Next the precision of the Gooch 
and photometric methods was tested. 
Tables V, VI, and VII show some of 
the data in three different concentra- 





Table IV 
Comparison of Gooch and Spectro- 
photometric Methods on a Standard 
Sewage Sample * 





Dilution 
Partsof Gooch Spectro. Cale 
Portsof Top Sst ss ss 
Sewage Water (mg/l) (mg/) (mg/h 
17% 


3 1 173 176 
2 2 WW 119 118 


1 3 62 5» td] 








* Sample contained 235 mg/I of SS (avg. of 
10 Gooch determinations). 
+ Avg. of 5 Gooch determinations. 
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FIGURE 2.—Effect of color on transmittancy. 


tion ranges. On 10 different occa- 
sions samples were blended and 10 
replicate samples were run using the 
Gooch and photometric methods. The 
mean values of the suspended solids 
content for the 10 series of Gooch de- 
terminations ranged from 59 to 256 
mg/1; for the photometric method the 
mean values ranged from 58 to 247. 
The standard deviations for the Gooch 
method ranged from 3 to 8 mg/I and 
for the photometric method they 
ranged from 1 to 5. 

It may seem odd that better pre- 
cision is obtained using the photo- 
metric method since originally the 
photometric method was evaluated 
from the Gooch results. This oddity 
can be explained by the fact that the 
straight line in Figure 3 was fitted 
after plotting the results from approx- 
imately 3,000 Gooch determinations. 
Inasmuch as an extremely large num- 
ber of analytical results was employed 
in plotting the curve and the original 
Gooch results so often fell on the 
curve (as shown in Table VIII), the 





Table V 
Suspended Solids in Grab Sample 
of June 21, 1957 





Gooch 
ss 
(mg/t) 








210 





























method for determining precision 
was judged to be statistically reliable. 


Summary and Conclusions 


A program was undertaken to es- 
tablish a time-saving method for the 
determination of suspended solids in 
sewage. The proposed spectrophoto- 
metric method is more rapid than the 
Gooch procedure outlined in “Stand- 
ard Methods” (1). The data reveal 


Gooch crucibles 
Vacuum arrangement 
Drying oven 
Desiccator 
Procedure 

Prepare a mat of acid-washed as- 
bestos fibers (2 mm thick) in a Gooch 
crucible or a porous bottom porcelain 
crucible. Dry the crucible in an oven 
at 103°C for one hour, cool, and 
weigh. Place the Gooch crucible on a 
suction flask and measure out 100 ml 
of well-mixed sewage, keeping the sol- 
ids in suspension while measuring. 
Filter the sample through the pre- 
pared crucible and follow with several 
distilled-water rinsings of the grad- 
uate. Be sure that all the suspended 





Table Vil 
Suspended Solids in Grab Sample 
of July 20, 1957 





Gooch 


ss ss 
(mg/N) (mg/N) 
60 
58 
66 
62 
52 
58 
56. 
58 
61 
60. 
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Table VI 
Suspended Solids in Grab Sample 
of July 26, 1957 





Gooch Spectro. 
ss ss 
(mg/) (mg/N) 


a 
129. 123 
121 125 
122 123 
121 125 
116. 120 
128 123 
130. 123 
132 125 
122 123 



































conformance with the pertinent laws 
of colorimetry. 
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Appendix 
Gooch Crucible Method 
Apparatus 


matter is transferred to the crucible. 
Dry in an over at 103°C for one hour, 
cool, and weigh to constant weight. 


Spectrophotometric Method 
Apparatus 
Spectrophotometer 

Blender 

Siphon system 

Battery jar 

Stirrer (electric) 





Table Vill 
Six Month's Selected Data for 
Plotting Curve in Figure 3 





Times these 
Valves Fell 
on the Fitted 
Curve 


Gooch SS No. of 
(mg/l) Occurrences 


190 4 
180 7 
170 4 
160 13 
150 17 
12 
18 
26 
28 





27 
38 
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Procedure 

Shake sample well and pour about 
700 ml into the cylinder of the blend- 
er. Blend for 132 min (use stop 
watch) and transfer blended liquor 
to a battery jar and stir. While stir- 
ring, siphon about 25 ml into the cu- 
vette. With a 10,000-A setting, read 
the transmittancy or absorbance scale 
using water as a blank. Just before 
reading, invert the cuvette gently to 
make sure all the particles are in sus- 
pension. Do not shake the cuvette as 
air bubbles interfere with the reading. 
Read concentration of suspended sol- 
ids from prepared graph. 
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TRANSMITTANCY (%) 
a a a 


Bias 





°o 


7300 SSO 
SS (mg/l) 

FIGURE 3.—Relationship between suspended 
solids and transmittancy. Results from approxi- 
mately 3,000 suspended solids determinations 
(Gooch method) were used to plot this curve. 
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Sludge Volume Index 


@ USE OF ACTIVATED SLUDGE for sew- 
age treatment depends on its purify- 
ing ability and on its settleability. 
One of the control measures of settle- 
ability is the sludge volume index, 
which expresses the volume occupied 
by one gram of dry sludge after set- 
tling for 30 minutes in a liter-grad- 
uated cylinder’. A decrease in sludge 
density is reflected by diminished set- 
tleability, greater settled volume per 
unit weight, and higher sludge vol- 
ume indices. 

Research carried out by several 
workers indicates that factors other 
than sludge density affect the settling 
rate and final settling volume. Clif- 
ford and Windrige? found that in- 
creasing sludge concentration pro- 
duced more than a proportionate in- 
crease of sludge volume. They also 
found that vessel diameter did not 
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affect the settling rate of various 
sludge concentrations. Rudolfs and 
Lacy® noted retarded settling rates 
when the solids concentration in- 
creased from 800 to 5000 mg/L. The 
diameter of the container did not 
affect the percent volume occupied 
by a given sludge after 30 minutes of 
settling. Fitch and Ives* suggest that 
high solids concentration would com- 
pact in the settling cylinder and there- 
by result in a lower index value. Evi- 
dence showing the magnitude and 
direction of change on sludge vol- 
ume index values does not exist in 
the literature. 

Before the effect of suspended sol- 
ids concentration on the sludge vol- 
ume index could be studied, it was 
necessary to determine the precision 
of sludge volume index values. In 
experimental work, where the quan- 


"SLUDGE c. 
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FIG. I—INCREASING sludge volume index with increasing suspended solids. 


tity of mixed liquor available is lim- 
ited, samples smaller than one liter 
would be desirable. Comparisons 
were, therefore, made between sludge 
volume index values using 500 and 
1000 ml. graduated cylinders. 


Procedure 


Activated sludge samples were ob- 
tained from three New Jersey sew- 
age treatment plants. Sludge volumes, 
after 30 minutes settling, and sus- 
pended solids were determined on 
four concentrations of either mixed 
liquor or return sludge. Concentra- 
tions of sludges B and C, known for 
their high sludge volume indices, 
were prepared by diluting return 
sludge with plant effluent. Sludge A 
was prepared by settling mixed liquor 
and decanting the supernatant. Each 
concentration was settled for 30 min- 
utes in 500 and 1000 ml. graduated 
cylinders. The same sample of acti- 
vated sludge was used for the four 
concentrations and two cylinder sizes. 
Suspended solids were determined 
with Gooch crucibles for each con- 
centration. Both the 30-minute set- 
tling volume and suspended solids 
determinations were carried out in 
ten replications. 


Results 


Sludge volumes, after 30 minutes 
settling, with varying suspended sol- 
ids concentrations for the ten repli- 
cations, are averaged and summarized 
in Table 1. Standard deviations com- 
puted as a percent of the mean, re- 
sult in a coefficient of variation, which 
then enables comparisons of precision 
between means of different magni- 
tudes. Results shown are averages of 
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ten replications and their coefficients 
of variation. It should be noted that 
half as much sludge was settled in the 
500 ml. cylinder as in the 1000 ml. 
cylinder. The volumes settled in the 
smaller cylinders were, therefore, 
multiplied by two for comparisons 
with volumes settled in the larger 
cylinders. 

Greatest variation was found in 
suspended solids determinations, 
where the average coefficients of vari- 
ation ranged from 2.1 to 7.1 per cent, 
with an overall average of 4.9 per 
cent. Variations in 1000 ml. settling 
volumes (2 per cent) were slightly 
less than the variations in 500 ml. 
settling volumes (3 per cent); the 
overall variation in settling volumes 
for both sizes of cylinders were less 
than the variations in suspended 
solids determinations. 

A sludge volume index value is 
calculated as the ratio of settling vol- 
ume to suspended solids. The coef- 
ficient of variation of the index is the 
square root of the sum of the squares 
of settling volume and suspended 
solids coefficients of variation’. These 
calculated results are shown in Table 
2. Comparison of average index val- 
ues for the two cylinder sizes indi- 
cate no statistically valid difference. 
These are combined into a 20-repli- 
cate average, with recalculated coef- 
ficients of variation. A graphical rep- 
resentation of these results is shown 
in Figure 1. Significant changes in 
sludge volume index occurred when 
more than 3000 mg/L suspended 
solids of sludge A were used in the 
settling test. The index value rose 
from 60 to 92. With poorer settling 
sludges, as sludges B and C, signifi- 
cant increases of index values oc- 
curred with much lower suspended 
solids concentrations. While the in- 
dex number increased at 3000 mg/L 
of sludge A, only 1500 mg/L of 
either sludge B or C caused similar 
increases in index values. Sludge B 
index rose from 147 to 351 when 
the solids concentration increased 
from 1426 to 2237 mg/L. Sludge C 
index rose from 150 to 277 when the 
solids concentration increased from 
427 to 3244 mg/L. A general de- 
crease in precision of the sludge vol- 
ume index was noted as the sludge 
density decreased. The average coef- 
ficients of variation increased from 
5.1 to 6.5 to 7.6 per cent with in- 
creasing bulkiness. 

Over the range of suspended solids 
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Table | 


Coefficients of Variations of Suspended Solids and Sludge Volume 
Determinations with Different Mixed Liquor Concentrations 





Suspended 
Solids cv 
mg/L 


Location 


Per cent 


Graduated Cylinder Size 
1000 ml. 





500 mil. 
Sludge 
Volume! 


ml/L 


Sludge 
Volume! C.V2 
mi/L 


Cv 
Per cent 








Sludge A 851 
1767 
3049 
5676 


ad 
> 


wo 


Average 


52 
101 
177 
481 


50 
100 
185 
555 





Sludge B 477 
921 
1426 
2237 


Average 


69 
138 
212 


70 
140 
207 





Sludge C 427 
743 
1550 


3244 


Average 
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Overall Average 


1. after 30-minutes settling 
2. coefficient of variation 
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concentration used in this study, 
there was no indication of compac- 
tion or lower indices with increasing 
solids concentration. Calculation of 
results presented by Clifford and 
Windrige? reveal that compaction 
phenomena may occur with very high 
solids concentration. Table 3 shows 
that with “ordinary” activated sludge, 
compaction was noted at 3160 mg/L 
and higher; whereas, with “recon- 
ditioned” sludge it was noted at 8790 
mg/L and higher. 


Discussion 
Significant changes in sludge vol- 


ume index occur with increasing sus- 
pended solids concentration. Good 
settling sludge, as A, showed an in- 
creased index value from an average 
of 59 in the range of suspended solids 
of 851 to 3049 mg/L to sludge vol- 
ume index of 92 at 5657 mg/L. This 
increase of 33 index units is equiva- 
lent to 54 per cent of the average 
value of 59. Greater percentage in- 
creases of sludge volume index were 
found with poor settling sludges. 
Sludge B index value rose from 147 
to 351 when the suspended solids in- 
creased from 1426 mg/L to 2237 
mg/L. This was a 138 per cent in- 





Table 2 
Calculated Sludge Volume Indices with Increasing 
Suspended Solids 





Suspended 


Graduated Cylinder Size 





Solids 
Location mg/! svit 


500 mi. 


1000 ml. Average 


svit 








Sludge A 85! él 
1767 57 
3049 58 
5657 85 
Average 


60 
57 
60 
92 





Sludge B 477 

921 152 
1426 145 
2237 347 


Average 


145 
151 
147 





427 
743 
1550 
3244 


Sludge C 


Average 


150 
167 
183 





1. SVi=sludge volume index 
2. CV =coefficient of variation as percent 











Table 3 
Cha in Sludge Volume Index Caused by Increasing 
sere Suspended Solids* 





Type of 
Activated 
Sludge 


yh. Settling 
mi/L Volume 


Suspended 
Solids 
mg/l 


Sludge 
Volume 
Index 





“Ordinary” 


“Reconditioned” 


520 77 
1050 105 
1580 
2100 
2630 
3160 
3680 
4210 
1760 
3520 
5270 
7030 
8790 

10,550 
12,300 
14,060 





*Calculations based on results given by Clifford and Windrige* 





crease over the index value of 147. 
With sludge C there was an 85 per 
cent increase of index value. When 
the solids concentration increased 
from 427 to 3244 mg/L, the index 
rose from 150 to 277. 

These results, which cover the 
range of suspended solids normally 
used in sewage treatment practice, in- 
dicate no compaction phenomena. Cal- 
culations made on results presented 
by Clifford and Windrige, however, 
show that compaction may occur. A 
good in 30 minutes settling sludge of 
about 74 sludge volume index, showed 
compaction when the solids concen- 
tration was over 8000 mg/L. Acti- 
vated sludge of about 120 index be- 
gan to compact in the settling cyl- 
inder when the solids concentration 
was greater than 3000 mg/L. 

These marked changes in sludge 
volume index caused by different 
solids concentration, indicate that the 
precision of the test can be increased 
significantly. By using 1000-1500 
mg/L suspended solids, for all types 
of activated sludges, the test can be 
made more precise. In this manner, 
only changes in sludge density will 
be reflected by changes in sludge 





Table 4 


Effect of Sludge Volume Index 
on the Precision of the Test 


Average 

Average Coefficient of 
Sludge Variation 
Vol. Index Per cent 





Ra 
Sludge ‘aah 
A 800-3000 59 3.7 


8 500-1400 148 7.1 
Cc 400-1400 167 8.1 








volume index. 

Examination of the coefficients of 
variation in Table 2 indicates de- 
creasing precision or wider variations 
with poorer settling sludges. The 
average coefficients, omitting the 
highest sludge concentration, for the 
three characteristic sludges, are 
shown in Table 4. These range from 
3.7 to 8.1 per cent as the index in- 
creases from 59 to 167. 

The variations in sludge volume 
index can be attributed to the varia- 
tions in suspended solids determina- 
tion. Variation in settling volumes re- 
mains essentially the same with in- 
creasing sludge volume index. Well- 
defined trends in variation with in- 
creasing solids concentration for one 
particular sludge are not evident. 
Generally, however, less variation oc- 
curred with higher solids concentra- 
tions. 

For sludges of about 60 sludge 
volume index, we may predict with a 
high degree of certainty that differ- 
ences greater than 7.4 per cent are 
significant. When the test is per- 
formed with from 1000 to 1500 mg/L 
suspended solids, sludge concentra- 
tion will not affect the sludge volume 
index. Then, if under two sets of 
activiated sludge operating conditions 
a difference in sludge volume index 
of 10 is found (e.g. index values of 
55 and 65), this difference could not 
be due to chance. That is, we may 
predict with 95 per cent probability 
that a difference of 10 index units, 
as above, was not due to chance or 
to the variability of the index test, 
but was due in fact to the different 
operating conditions. For sludges of 
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150 and 170 sludge volume index, 
the ranges of reliability are wider. 
Table V shows the per cent variation 
and range of values expected for the 
three sludges investigated. 

The overall average 30 minute set- 
tling volume coefficient of variation 
for 1000 ml. graduated cylinders was 
slightly lower than for 500 ml. cyl- 
inders. The difference, however, was 
not significant and the two cylinder 
sizes may be used interchangeably. 


Summary and Conclusion 


1. Thirty minute settling volumes 
and therefore sludge volume index 
values are affected significantly by 
concentration of suspended solids. In- 
creased precision of sludge volume 
index determinations, as a control 
measure of sludge density, can, there- 
fore, be obtained by using from 1000 
to 1500 mg/L suspended solids. Only 
changes in sludge density will affect 
sludge volume index when suspended 
solids concentration are kept con- 
stant. 

2. Variations in measures of sludge 
volume index increase with decreas- 
ing sludge density. Most of this in- 
creasing variation is caused by sus- 
pended solids, and not by 30-minute 
settling volume determinations. 

3. Precision of the test and range 
of sludge volume index values ex- 
pected for various activated sludges 
are shown. 

4. Graduated cylinders of 500 or 
1000 ml. size may be used inter- 
changeably as no significant differ- 
ence in sludge volume index was 
found. 
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Table 5 


Percent Variation Expected at 
Different Levels of Sludge 
Volume Index 


Sludge Variation at 
Volume 95 Per cent Level 
Index Per cent 


60 + 74 
150 +142 
170 #162 





Range 
Expected 





56 to 64 
129 to 171 
144 to 196 
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LABORATORY CONTROL for the SMALL 
TREATMENT PLANT* 


by LEROY FORMAN and ROBERT ANNETT 


Principal Public Health Engineer, New Jersey Department of Health, Trenton, N. J., and 
Assistant to the Superintendent, Bergen County Sewer Authority, Little Ferry, N. J. 


[' is well known that the lack of 
proper laboratory controls will ad- 
versely affect the performance of any 
treatment plant—large or small. Un- 
fortunately, the small sewage or in- 
dustrial waste treatment plant with 
its limited staff usually assigns a very 
low priority to laboratory control in 
the operating schedule. A few of the 
reasons for this situation are: 

1. The advantages of laboratory 
control are not apparent to the oper- 
ator. 

2. There is a lack of training in 
laboratory-control procedures. 

3. There are insufficient manpower 
and equipment. 

4. Often only a minimum of lab- 
oratory control is required or accept- 
ed by the regulatory agencies con- 
cerned. 

In the area covered by the first 
two reasons, it would seem that al- 
most any operator using some of the 
vast amount of information available 
should be able to provide a solution. 
As to the last two reasons, they are 
beyond the scope of this paper. 

The laboratory tests required for 
any particular plant will, of course, 
be governed by the type of treatment 
process. Whether the tests performed 
will be minimum or very elaborate 
will depend on conditions and per- 
sonnel at each plant. 


Laboratory Control 
Laboratory Manual 


“Standard Methods” (1) is the 
most authoritative, up-to-date manual 
available on laboratory procedures, 
but it is written as a reference text 


* Presented at the 44th Annual Meeting, 
New Jersey Sewage and Industrial Wastes 
Assn; Atlantic City, N. J.; Mar. 11-13, 
1959. Reprinted from SIWA Jour., Vol. 
31, No. 10. By permission. 
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for well-trained operators, laboratory 
technicians, chemists, and engineers. 
What is needed is a simple practical 
textbook for the beginner or small 
plant operator with little previous for- 
mal training in the physical sciences. 
Ideally this book should be well il- 
lustrated and contain the following 
information : 

1. an explanation of the principles 
behind each control test; 

2. a step-by-step procedure for each 
test ; 

3. instructions on proper labora- 
tory techniques; 

4. detailed instructions on the in- 
terpretation of the laboratory data 
and on how these data can be ap- 
plied to plant operation ; 

5. complete directions on the care 
and use of laboratory equipment ; 

6. a discussion of laboratory rec- 
ords and examples of the proper 
forms and methods of entry; and 

7. a review section on elementary 
mathematics and formulas. 

At the operator’s school conducted 
by the North Jersey Section of the 
New Jersey Sewage and Industrial 
Wastes Association it was necessary 
to use four separate textbooks and 
booklets (2) (3) (4) (5) to pro- 
vide the required information on lab- 
oratory control. 


Training Program 

To provide additional training for 
sewage plant operators, the North 
Jersey Section of the NJSIWA has 
been conducting an operator’s school 
for the past four months. From the 
information gathered by the instruc- 
tors, it appears that most small sew- 
age and industrial waste treatment 
plant operators have not had suffi- 
cient training in laboratory proce- 
dures. 


Attempts to teach laboratory pro- 
cedures by brief demonstrations at the 
operator’s school before a large group 
(twenty-five) have not proved too 
successful from either the instructors’ 
or operators’ point of view. As a re- 
sult, a plan to teach laboratory control 
to small groups of three to five oper- 
ators is being considered. Under this 
plan, only one test or procedure at a 
time will be studied and performed. 

As most small plant operators have 
very little formal training in chem- 
istry, it will be necessary to show 
how equipment is used, how reagents 
are prepared, and how solutions are 
standardized before proceeding with 
the particular test itself. Finally, the 
application of test data to plant con- 
trol will be studied. 

This type of intensive laboratory in- 
struction will require a lot of time and 
effort on the part of all. It will be 
a heavy burden for any small sec- 
tional group and it is hoped that the 
various agencies and organizations 
involved in the control and treatment 
of sewage and industrial wastes will 
eventually devote more effort to train- 
ing plant operators. Hardenbergh’s 
(6) excellent article on this subject 
deserves careful study by everyone 
concerned with this problem. 


Basic Tests for Small Plants 
Sampling 

A sampling program must be sim- 
ple for a small plant where the oper- 
ator is on duty for only 8 hr or less. 
However, to obtain laboratory results 
that represent actual operating con- 
ditions, a well-planned program of 
sampling must be worked out. 

A convenient method is the “timed- 
grab” sample (one sample from each 
stage of the treatment process, timed 
in a manner to follow a “slug” of 
sewage through the plant). This 





method of sampling would suffice as 
a minimum program for a small treat- 
ment plant, 
Settleable Solids 

The Imhoff cone method is a very 
simple test, and the results will sup- 
ply the small plant operator with data 
on settling tank efficiency and the 
quantity of sludge to be removed for 
further treatment. The amount of 
grease rising to the surface and the 
sand visible at the bottom of the cone 
should also be recorded as an aid in 
anticipating possible future troubles 
in the digestion tanks. 
Relative Stability 

This test is very useful for small 
plants with limited laboratory facili- 
ties. The test is normally performed 
on the plant effluent from biological or 
secondary treatment processes before 
chlorination. Results are expressed 
as the ratio (in per cent) of oxygen 
available (as dissolved oxygen or ni- 
trates and sulfates) in the sample 
to the actual BOD or oxygen required 
for complete oxidation of the sample. 
Chlorine Residual 

The test for residual chlorine is 
made to determine whether sufficient 
chlorine is being added to a plant 
effluent to disinfect it. The simplest 
method is a colorimetric determina- 
tion employing orthotolidine. It can 
be performed with a minimum of 
equipment and takes very little time. 
pH 

The determination of the pH of di- 
gesting sludge or an industrial waste 
will provide the operator with valua- 
ble information for plant control. The 
test is quite simple to perform with 
the new, compact, portable pH meter 
now available. Even the older colori- 
metric method, with all its limitations, 
should not be overlooked by the small 
plant operator working within a lim- 
ited budget. 


Simplified Method of 
Laboratory Control 

For plant control purposes where 
a less accurate method will do or 
time is a factor, the following pro- 
cedures will usually save consider- 
able time for the operator. 
Suspended and Total Solids 

The Gooch crucible method for de- 
termining suspended solids can be 
done much easier and quicker by using 
glass-fiber filter discs instead of the 
conventional asbestos mat (7) (8). 

The Buchner-funnel-and-filter-pa- 
per method can be used on mixed 


liquor as well as sewage samples. As 
large a sample as possible is used (100 
to 1,000 ml) depending on the solids 
concentration and filterability. The 
method described in “Standard Meth- 
ods” (1), is modified to the extent 
that only filter paper is used in the 
Buchner funnel, the aluminum dish 
normally used to support the paper 
is not required. 

In estimating the solids content by 
the centrifuge method, sludge sam- 
ples are centrifuged in 15 or 50 ml 
tubes for a definite period of time 
(usually 3 to 5 min, using an auto- 
matic timing device). The volume 
in ml of compacted sludge is then re- 
corded. These data are used to deter- 
mine the concentration of suspended 
solids in activated sludge or the per 
cent of dry solids in raw and digest- 
ed sludges by referring to a calibra- 
tion curve prepared for the particular 
type of sludge being checked. 
Photometer for Colorimetric Tests 

A photometer can be used to sim- 
plify and shorten the common tests 
for ammonia-, nitrite-, and nitrate- 
nitrogen. The photometer replaces 
color standards which fade rapidly 
and are time-consuming to prepare. 
The photometer value is used with a 
calibration curve, and nitrogen con- 
centrations are read directly from the 
graph. 

Dissolved Oxygen 

This test can be performed faster 
and with less danger of painful burns 
from the strong acid and alkali used 
by substituting Pyrex No. 1340 drop- 
ping bottles (60-ml size) equipped 
with 2.0 ml rubber bulbs for the cus- 
tomary measuring pipette. To pre- 
vent the ground glass surfaces from 
“freezing” together on the bottle con- 
taining the alkaline potassium iodide 
solution, cut a narrow ring of thin 
rubber tubing and place it on the up- 
per end of the tapered portion of the 
stopper. This not only keeps the glass 
surfaces apart, but effectively stoppers 
the bottle. 

Coliform MPN 

A newer technique has been de- 
veloped for estimating coliform densi- 
ties. It is listed as the membrane 
filter procedure in “Standard Meth- 
ods” (8), and a paper on the use of 
this method was published recently 
(9). From the data presented, it ap- 
pears that the membrane filter tech- 
nique is more precise than the older 
fermentation tube method, and that, 
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in addition, it has the advantages of 
saving time and materials. 


Laboratory Records 

Records of laboratory results are 
just as important as the operational 
records of sewage flow, chlorine usage 
or equipment maintenance. Elabo- 
rate records for the small plant oper- 
ator may not be feasible, but the re- 
sults from a few essential tests con- 
ducted regularly should be carefully 
recorded on a standard record sheet 
form for monthly and/or yearly peri- 
ods. This record will make the anal- 
ysis of the laboratory data much 
easier. 

In the past year alone, several very 
informative articles have appeared on 
the importance of maintaining rec- 
ords of laboratory data (10) (11) 
(12) (13). These articles covered 
not only laboratory records, but also 
the importance of coordinating all the 
records of plant operation. 
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Cooperative Studies on Laboratory Methodology 


HARRY P. KRAMER AND ROBERT C. KRONER 


HE Analytical Reference Service 

of the Robert A. Taft Sanitary 
Engineering Center is a voluntary as- 
sociation of member organizations re- 
sponsible for the conduct of laboratory 
programs. Its purpose is the evalu- 
ation of laboratory methods in the 
field of sanitary engineering. The 
present membership consists of 50 
different agencies. A list of these is 
shown in Table 1. Membership, ac- 
quired by written request, imposes 
no obligation upon the members but 
is an indication of their desire to par- 
ticipate in the cooperative study of 
laboratory methodology through the 
analysis of specially designed samples. 
This mechanism provides: 

1. Statistical evaluation of proce- 
dures, including precision and accura- 
cy 

2. Evidence of the need for further 
development of methods or entirely 
new approaches 

3. A framework for broad-scale 
~ evaluation of new methods 

4. A clearing house for data and 
information through which members 
can compare their own procedures 
and results with the work of similar 
laboratories. 


Preparation of Samples 


Preparation of samples for the Ana- 
lytical Reference Service is done in 
such a manner as to guarantee, to the 
fullest extent possible, the desired 
concentrations of constituents. The 
substrate water for each sample is 
prepared by passing distilled water 
through a laboratory deionizer. The 
water is essentially free of heavy 
metals and ammonia. The chemicals 
to be added are removed from pro- 
tected reagent bottles and dried, each 
according to specific requirements, 
and stored in a desiccator. If the 
amount of any chemical to be added 
is sufficiently large, the chemical is 
dissolved in a small quantity of water 
A contribution to the Journal by Harry P. 
Kramer, Chief Training Program, and Robert 
C. Kroner, Chemist, Analytical Reference 


Service, both of the Robert A. Taft San. 
Eng. Center, USPHS, Cincinnati, Ohio. 
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after weighing and is then added to 
the substrate. If this procedure is not 
feasible, measured volumes from a 
stock solution of appropriate concen- 
tration are added to the substrate. 

Because aliquots of a single sample 
are distributed to all members partici- 
pating in a particular study, the total 
volume is rather large. For the most 
recent reference sample, 180 liters 
(approximately 40 gal) were pre- 
pared. The batch vessel used is a 50- 
gal polyethylene tank calibrated at 
20-liter intervals. 

Aliquots of the master sample are 
placed in polyethylene shipping bot- 
tles. One aliquot is chosen at random 
for analysis in this laboratory. This 
analysis is made to insure that no sig- 
nificant errors have been made in 
sample preparation and to uncover 
possible difficulties not anticipated 
during sample design and prepara- 
tion. 

Upon completion of sample prepara- 


tion and check analysis, a letter de- 
scribing the sample makeup and out- 
lining the work required is sent to all 
members. The letter includes a re- 
turn form on which the member indi- 
cates by check mark whether or not 
he wishes to cooperate in the particu- 
lar study. Sample portions are then 
shipped simultaneously to all labora- 
tories that have requested them. In- 
structions regarding analysis and a 
form for reporting the analytical data 
are included. 

Standard report forms are used to 
facilitate data handling and to insure 
inclusion of all necessary information. 
Forms are also supplied for comments 
on the various analytical procedures 
used. The quantitative composition of 
the sample, in terms of the amount of 
each substance added, is mailed to 
each member as soon as his report is 
received at the center. Whenever 
gross errors appear in a report, the 
member is notified so that calcula- 
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TABLE 1 
Analytical Reference Service Members as of Feb. 1, 1959 











State Agencies 

Arizona Department of Health 

Arkansas Board of Health 

California Department of Public Health: 
Berkeley - 
Los Angeles 

California Department of Water Resources : 
Sacramento 
San Bernardino 

Colorado Department of Public Health 

Connecticut Department of Health 

Florida Board of Health 

Hawaii Department of Health 

Idaho Board of Health 

Illinois Water Survey Division 

Kentucky Department of Public Health 

Louisiana Department of Health 

Maryland Department of Health 

Maryland Water Pollution Control Com- 
mission 

Michigan Department of Health 

Minnesota Department of Health 

Missouri Department of Public Health and 
Welfare 

Montana Board of Health 

Nebraska Department of Health 

New Hampshire Water Pollution Com- 
mission 

New Jersey Department of Health 

New Mexico Department of Public Health 

New York Conservation Department 

New York Department of Health 

North Carolina Stream Sanitation Com- 
mittee . 

Ohio Department of Health 

Oregon rd of Health 

Pennsylvania Department of Health 

Rhode Island and Providence Plantations 
Department of Health 

South Carolina State Water Pollution 
Control Authority 

South Dakota Board of Health 





Tennessee Stream Pollution Control Board 
Texas Department of Health 

Utah Department of Health 

Vermont Department of Health 

Vermont Water Conservation Board 
Virginia Water Control Board 
Washington rtment of Health 

West Virginia Water Commission 


Municipal Agencies 
Los Angeles Department of Water and 
Power 
Chicago Department of Water and Sewers 
Metropolitan Water District of Southern 
California 


Federal Agencies 
Army Chemical Center, Edgewood, Md. 
Sanitary Engineering Division, 13th Naval 
District 
US Geological Survey, Department of the 
Interior : 
Columbus, Ohio 
Sacramento, Calif. 
Washington, D.C. 
Denver, Colo. 


Universities 

Department of Applied Biology, Georgia 
nstitute of Technology 

Department of Chemistry, Purdue Uni- 
versity 

Department of Civil Engineering, Case 
nstitute of Technology 

Department of Sanitation, Rutgers Uni- 
versity 

Graduate School of Public Health, Uni- 
versity of Pittsburgh 


Industrial 


National Aluminate Corporation 
Monsanto Chemical Co. 





tions or dilution factors may be re- 
checked. When reports have been re- 
ceived from all agencies participating 
in a study, a summary of numerical 
values is prepared and distributed. In 
order to protect identity, a code num- 
ber, used both in this summary and 
in the final report, is assigned to each 
participant for each study. 


Reports 

Preparation of the final report is 
the most difficult feature of these 
studies. A large accumulation of data 
on analytical results obtained under 
conditions of controlled variables may 
invite extensive statistical treatment. 
It is felt, however, that the param- 
eters employed should instead be kept 
at a practical level so that the inter- 
pretation and significance of the data 
may be readily apparent to all person- 
nel in each member laboratory. 


Sample Types 

The samples supplied to date by 
the Analytical Reference Service have 
been chosen and designed to be of 
maximum value to the largest number 


of members. A description of them is 
given in Table 2. 


Sample Type I (water, mineral) 
has been distributed twice in approxi- 
mately 2 years. In the second study 
it was designated as Sample Type 
I-A. Determinations requested for 
this sample are run routinely in many 
laboratories for characterization of 
raw or finished waters. The results of 
studies on Sample Type I-A are sum- 
marized below. 


Calcium 

For many years calcium determin- 
ations were run almost exclusively 
by a gravimetric procedure or by a 
combination gravimetric-volumetric 
procedure. On Sample Type I, eleven 
laboratories used one or the other of 
these procedures and thirteen em- 
ployed some modification of the 
EDTA titration. For the Type I-A 
sample 22 groups used an EDTA 
procedure and only five used the older 
gravimetric-volumetric method. For 
the EDTA procedures the standard 
deviation was 4.2 mg/1 (from a con- 
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centration of 120 mg/1), whereas the 
volumetric permanganate procedure 
had a standard deviation of only 2.1 
mg/I. 


Magnesium 

Both calcium and magnesium were 
formerly determined by gravimetric 
procedures, the total of the two being 
reported as hardness. Since the ad- 
vent of EDTA procedures for cal- 
cium and hardness, magnesium is 
commonly determined as the differ- 
ence between the two, with a substan- 
tial saving in time. 

The calculated magnesium results 
based on twelve reports had a stand- 
ard deviation of 5.4 mg/l. For the 
actual manipulative procedures, 
(EDTA titration, gravimetric, col- 
orimetric, flame, and lime water), the 
average deviation was only 1.6 mg/l. 
Small errors in the calcium and hard- 
ness measurements are reflected and 
magnified in the calculation of re- 
sults, which accounts for the larger 
deviation. 


Hardness 


The hardness determination is of 
great interest in this study, if only 
from a historical viewpoint. In a 
short space of about 10 years, the old, 


TABLE 2 


Sample Types and Contents 


Sample 
Type Content and Testing Method 

I (water, mineral) calcium magnesi- 
um, hardness, sulfate, chloride, alka- 
linity, nitrate, nitrate, sodium, and 
potasium. 


(water, heavy metals) iron, man- 
ganese, chromium, copper, alumi- 
num, cadmium, zinc, and lead. 


(water fluorides) fluorides, with 
and without distillation, in the pres- 
ence and absence of added interfer- 
ences using a specified procedure 
and comparing it with the method 
of choice, preferably the routine 
method employed by the individual 
laboratory. 


(air, inorganics) examination of 
both glass fiber filters and a liquid 
extract containing sulfate, chloride, 
nitrate, and fluoride. 


J (water, radiological) preliminary 
evaporation and counting of a liq- 
uid sample for gross beta activity. 


(water. surfactant) alkyl benzine 
sulfonate in distilled water, tap 
water, and river water. 


VII (water insecticide)* 


*Not yet announced as available for study 
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tedious soap titration has been com- 
pletely supplanted by the EDTA titra- 
tion. All 31 of the cooperating labora- 
tories used the EDTA reagent in the 
I-A study, and 19 of 20 used the same 
procedure in the earlier, Type I study. 

From a concentration of 608 mg/1 
as CaCOs, 31 groups had a standard 
deviation of 13.7 mg/l. 


Sulfate and Chloride 


Sulfate and chloride ions present 
little difficulty to water chemists, as 
is shown by the results. On both Type 
I and I-A samples all laboratories 
obtained results very close to the true 
values. 

For sulfate procedures most labora- 
tories use the dependable gravimetric 
method, while a few use the turbidi- 
metric technique. From a concentra- 
tion of 288 mg/l, 22 laboratories had 
a standard deviation of 9.2 mg/l. us- 
ing the gravimetric method, and 11 
groups using the turbidimetric meth- 
od had a standard deviation of 32.1 
mg/l. 

For the chloride measurement (219 
mg/l.), the Mohr and the mercuric 
nitrate methods are most widely used. 
Twenty-three groups reported results 
based on the Mohr technique and six 
used the mercuric nitrate titration 
(Fig. 1). Standard deviations for the 
two methods in the order named, 
were 6.2 and 4.5 mg/l, respectively. 
This indicates a slight superiority of 
the mercuric nitrate method, which 
might therefore deserve more exten- 
sive application. 

Alkalinity 

When the Type I sample was ana- 
lyzed for alkalinity, four of 21 mem- 
bers obtained excellent results based 
on electrometric end points, whereas 
the results at laboratories using the 
methyl orange end point indicated a 
lack of precision. With the distribu- 
tion of the Type I-A sample the lab- 
oratories were requested to compare 
their usual methods with an electrom- 
etric end point if possible. 

Of the 31 members performing the 
alkalinity measurement on the I-A 
sample, eight groups used two or 
more methods in reporting the re- 
sults. The procedures varied only in 
the choice of indicator or pH for de- 
termining the end point of the titra- 
tion. The indicators included methyl] 
orange, methyl purple, bromcresol 
green, bromthymol blue, and a mixed 
indicator of bromcresol green and 
methyl red. 
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TABLE 3 


| 


| No. of 
Method 


Determination 


all methods 33 
EDTA 
permanganate 


Calcium 


| 
} 


all methods 
EDTA 
gravimetric 
calculated 


Magnesium 


all methods 
EDTA 


Hardness 


all methods 
electrometric 
methyl orange 


Alkalinity 


Chloride all methods 
Mohr 


mercuric nitrate | 


all methods 
gravimetric 
turbidimetric 


Sulfate 


diazotization* 
all methods 
PDA 
reduction 
brucine 


Nitrite 


Sodium flame 


Potassium flame 


* Only method used. 


Methyl orange predominated as the 
choice of colored indicator, but is ap- 
parently not satisfactory on the basis 
of the results submitted. At a concen- 
tration of 17 mg/l as CoCQOs, the 
standard deviation was 5.9 mg/l. The 
most obvious weakness with methyl 
orange is the subjective human error 
apparently caused by inability of the 
individual analyst to detect the subtle 
color changes. 

Eighteen members reported alka- 
linity. based on electrometric end 
points, but the end points used varied 
from pH 5.1 to 3.9. In general, the 
results improved as the end point ap- 
proached pH 4.5. Taken as a single 
method, regardless of the pH chosen, 
the electrometric technique showed a 
standard deviation of 3.2 mg/l for 
the eighteen laboratories. Obviously, 
substitution of an objective, physical 
end point for a subjective one reduces 
the potential error. 


Sodium and Potassium 


For sodium and potassium deter- 
minations, the flame technique is the 
only convenient method available ; in 
fact, the cooperating laboratories were 


| Amount 
| Laboratories | 
Reporting 


Results of Tests on Sample Type IA 


Standard Deviation 
Avg of 


Amounts 
Observed 


Added 
mg/l 


119 
120 
121 


120 


a a a 


sss =) 


QO 
= 
+ 





requested to use only the flame proce- 
dure. 

Inspection of the data from 24 labo- 
ratories indicates that of the two de- 
terminations sodium measurement is 
the more difficult to perform accur- 
ately. A much greater chance for 
sodium contamination of the sample 
may account for the greater devia- 
tions in the sodium data. Actually it 
appears that both sodium and potas- 
sium can be measured easily without 
special buffering techniques, provided 
contamination by extraneous sodium 
and potassium is avoided (Table 3). 


Conclusion 


Results obtained in the analysis of 
Sample Type I-A indicate that, in 
contrast to the determination of alka- 
linity, those of calcium, magnesium, 
hardness, sulfate, chloride, sodium, 
and potassium can be performed with 
a high degree of accuracy. The su- 
periority shown by the EDTA meth- 
ods for hardness, calcium, and mag- 
nesium and of the mercuric nitrate 
method for chloride was noted. A 
limited number of copies of the de- 
tailed reports on Sample Type I-A 
are available upon request. 





CT-Tal-ig- li Vaal ig lot-Ualni-le] a lot-tc-1-r- Lalo Mt -1a-1oac-¥t-3c-1-] In e- 10) ¢-ie el am 7-te-1e } fol g-tel- mia 
Va bvam oc- tm on mn dal motel lahda ad lol <-lag- tial lik cololh co]! lol sib ico) atoll] al all -1lo Ml =f a-Yon dio} s 
Division. Wherever you are, there’s a crew nearby! We'll be happy to 
talk over your requirements —call us. /t pays to plan with General American. 


ea 2 ead ey 1 2 t-te) be - wale), metel-t-lel-s wale). 


PLATE AND WELDING I PLATE & WELOING 
49oL ¥ OrvisiOn 














WATER WORKS OPERATIONS 


Benger IS plenty of water for all 
the uses and needs of mankind. 
Unfortunately, it is not always at the 
location where it is needed most. The 
Mississippi River system carries off 
billions of gallons of unused water 
daily. Through the Great Lakes sys- 
tem pass more billions of gallons of 
water each day. Down the Columbia, 
the Colorado and the great rivers of 
Canada likewise flow more billion gal- 
lons each day. And yet there are vast 
areas where there isn’t enough water 
for agriculture, industry, or even 
community life. One of the biggest 
problems of the water works man is 
to obtain an adequate supply for the 
domestic and industrial needs of his 
community. 


Source of Supply 


Water is found in the atmosphere, 
on the surface of the earth and below 
the surface of the earth. Water in the 
atmosphere is precipitated and falls to 
the earth, where it collects in lakes, 
ponds and rivers that run to the sea, 
or it sinks into the ground where it 
is stored or used by vegetation which 
returns it to the atmosphere. Water 
from the seas evaporates to help re- 
plenish the supply in the atmosphere. 
Water in the atmosphere and in the 
seas is not usable directly by man. 

Man must obtain his water from 
fresh surface waters or from the 
ground. The development, mainte- 
nance and protection of water sup- 
plies are important functions in water 
works operations. The supply must be 
adequate ; it must be of a quality that 
can be treated; and it must be pro- 
tected against ‘undue contamination. 
The procurement of water looms large 
as a problem for water works man- 
agers. 


Distribution 


Of what use is water if it cannot 
be placed where man wishes to use it? 
It is the function of a distribution 
system to deliver water to its point of 
use. This system will include pipes 
or conveying conduits that bring wa- 
ter from its source to the consumer. 
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It is customary to refer to a distribu- 
tion system as the network of pipes 
and appurtenances which carry the 
water from a treatment plant or 
pumping station throughout the com- 
munity served. Transmission main is 
the term usually applied to large con- 
duits which carry water from a dis- 
tant source to a treatment plant or 
distribution system. 

Included as an important part of 
water works operations are the design, 
construction, maintenance and oper- 
ation of transmission mains and dis- 
tribution systems, including pipes, 
valves, fire hydrants and storage 
tanks, either elevated or at ground 
level. Design will be concerned with 
proper sizing for desired carrying 
capacity ; construction with main lay- 
ing ; maintenance with prevention or 
remedies for loss of carrying capac- 
ity, tuberculation and corrosion ; oper- 
ation with service connections, meter 
installations and meter reading. No 
matter what the size of a community 
the distribution system is a highly im- 
portant part of the water works. 


Treatment 


When the available supply of water 
is not free of undesirable constituents 
it must be treated before use. The kind 
of treatment processes used depends 
on the nature of the undesirable con- 
stituents to be removed. Small 
amounts of suspended matter can be 
removed by long sedimentation periods 
in reservoirs. When waters are more 
turbid due to relatively | amounts 
of suspended and colloidal matter, 
chemicals are added to coagulate the 
turbidity and sedimentation is pro- 
vided to allow for natural removal of 
most of the coagulated turbidity. Fil- 
tration through sand will remove prac- 
tically all of the remaining turbidity. 

Bacteria are removed largely by co- 
agulation, sedimentation and filtration. 
Such bacteria as are not removed by 
these treatments can be killed by dis- 
infection with chlorine or other agents. 
Tastes and odors may be removed by 
treatment with activated carbon or 
chlorine and sometimes by aeration. 
If tastes and odors are due to micro- 


scopic growths they may be controlled 
by treatment to kill the organisms. 

If the constituents which make wa- 
ter undesirable are dissolved minerals, 
chemical treatment known as soften- 
ing is used to remove the offending 
minerals which are the salts of calci- 
um and magnesium. If iron or man- 
ganese are present in undesirable 
amounts, they too are removed by 
chemical treatment. 


These use of these treatment pro- 
cesses to improve the quality of water 
is commonly termed water purifica- 
tion, prea of the number of pro- 
cesses employed. Nearly all water 
supplies are subjected to disinfection 
if only as a precautionary measure. 
Most surface water supplies are co- 
agulated, settled and filtered as well. 
Some surface and well supplies are 
softened. 

Water purification or treatment is 
a function of water works operations 
that require both skill and knowledge. 
Coagulation, sedimentation and filtra- 
tion are frequently discussed together 
as water tion or oe, 
On the other hand, three 

iently dis- 


water treatment are of 
pay character that they are treated 
as separate topics in any discussion 
of water works practices. These are 
(1) chlorination, (mainly employed 
for disinfection), (2) softening, 
which includes the lime-soda process 
and the ion-exchange process, and 
(3) iron and manganese removal. 


Other Operations 


Other operations in water works 
include, of course, pumping, flow 
measurement, instrumentation and 
control, chemical handling and feed- 
ing, coagulation and sedimentation, 
corrosion control, laboratory control, 
and maintenance. These are all func- 
tional operations that apply to both 
water and sewage works operations. 
Material on each of these operations 
has been presented and discussed in 
this Reference Number of Water & 
Sewage Works. 








NEW FROM GRAVER... 


for elevated water storage 


The Graver Aquatore is the first new design 
for almost a quarter century. This new form is 
an improvement over the radial-cone bottom 
design for large-capacity storage. The advan- 
tages are impressive: lower head range, unitary 
foundations, housing of pumping equipment 
within the column, simplified maintenance 
(absence of multiple columns, tie-rods, etc.) 
and clean appearance. The distinctive design 
typifies a modern, progressive community. 














CAPACITIES AND DIMENSIONS 


| Cagactty Tower Height |Anchor Bolt Head Torus 
to Low Water ean Outside 
Galtens Leve! nge Diameter 


3,000,000} 100’ ’ 42'.0" | 120’-3" 
| 2,500,000! _ 100” ; 39’-6" | 112’-11" 

12,000,000; 100° | 6’ | 37-0" | 105-0" 

| 1,500,000] 100” ? 34’-0" 94’-8” 

| 1,000,000] 100" | » 30’-0" 82’-8” 

} 

| 

| 














750, 000] 100’ . 26’-6" 75’-9” 
500,000 100’ : 23’-0” 66’-9” 
400, 000] 100’ : 21’-0” 62’-0" 
300, 000) 100’ - 19’-0” 57’-0" 














STANDARD FROM GRAVER [ °°" ‘azine "Sree 


Only STEEL Tanks Meet AWWA Specifications. 
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Graver Cvylindroids 


New ... Graver Cylindroids are the newest form 
of reservoir for large-volume, ground-level water stor- 
age. Square or rectangular in plan, Cylindroids offer 
full use of standard plots and can be built for almost 
unlimited capacities. These steel reservoirs are func- 
tional in design, fully tested and have been developed 
by Graver for long-lasting service at low cost. 


Graver Reservoirs 


These large-diameter, ground-level, steel tanks pro- 
vide large-volume reserve supplies of water. They 
offer the advantages of inexpensive foundations and 
easy maintenance, plus high strength and resistance 
to extreme weather conditions. Built to suit indi- 
vidual water system needs and site characteristics, 
these reservoirs are, in a sense, custom designed, 
fabricated and erected. They can be embellished 
architecturally or can be built below grade and effec- 
tively landscaped. 


Graver Standpipes 


Steel standpipes providing static head for water dis- 
tribution systems—and often specified where pressure 
and volume needs exist together—are tanks having 
a greater height than diameter. Standpipes can be 
roofed with a variety of designs, and are often pro- 
vided with architectural features such as colonnades. 
Since the size and capacity of standpipes depend on 
the requirements of the water distribution system, 
special design engineering services, to meet local re- 
quirements, are available from Graver. 


Graver Pump Suction Tanks 


Graver is an approved fabricator of pump suction 
tanks under the Factory Mutual Fire Insurance Com- 
panies specifications. All standard sizes shown in the 
table have 4%” bottoms, 3/16” self-supporting roofs 
and shells of thickness such that stress does not 
exceed 15,000 psi. 


oe) “Den r= Ha = | camer | tem | 
Depth= Height—6” 
100,000 100,470 27'-0" 23'-11% 


150,000 150,120 : 
200,000 31’-10%" 


250,000 250,340 31’-74," 
300,000 300,550 29’-6" 


Over 100 Years of Crafismanship in Steels and Alloys 
Graver Kank & Mfg. Co. 
“~DIVISION—UNION TANK CAR COMPANY 
EAST CHICAGO, INDIANA 





Cleveland - Detroit + Chicago + Tulsa 
Houston + New Orleans - Salt Lake City 
Los Angeles - San Francisco 

Affiliate: Sparling Tank & Mig. Co., Toronto 





Location and Evaluation of Ground 
Water Resources* 


by LYNN M. MILLER 


Ground Water Geologist, Jones, Henry & Williams, Cons. Engrs., Toledo, Ohio 


he location and evaluation of ods of greater precipitation, a portion once again, and water levels rise. The 

ground water resources require of the rain and snow waters gradually earth’s crust may be considered as a 
the application of both geological and trickles into the ground to saturate it giant reservoir. 
engineering techniques. Typical ex- 
amples of the coordinated efforts of 
geologists and engineers in dealing 
with ground water problems exist in 
the Ground Water Branch of the 
USGS, the parallel agencies of many 
states, and a few consulting firms. 
Most of the quantitative evaluation 
methods in common use are the prod- 
ucts of such group effort. The USGS 
is usually given credit for the pioneer 
efforts and for the training of most suntetis 
ground water experts. N13 N12 Nil N10 No N8 

The purpose here is to discuss some 


It is not a simple 


Station No 





T T u Roy T Ll 
247 283 286 338 325 327 
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of the principles of ground water loca- = — ~ 30 --5— ~~ 375 3 
tion and evaluation in terms that will " 


be meaningful to those who are not 440 4 5 
trained experts but are vitally con- ‘a 4 —— CRE 
cerned with adequate ground water ie Soil Kite | a 221 ¢ 
supplies. For the sake of illustration, | 771 pecs we! 
use will be made of a survey and eval- ‘eas pt 
uation problem for the area around 237g 153 8 198 
the city of Wooster in Wayne County, Station No. 

Ohio. The Wooster survey is not = — a 
unique but does represent a problem 

of greater than average complexity 

and interest which covered an area of 

several hundred acres. 




















Geology and Exploration 

It has been estimated that 17 ft of 
the top 100 ft of an average land mass 
is water. This is disseminated water 
that fills the voids between the grains 
of unconsolidated and granular rock 
and the cracks and fractures in dense 
rock formations. Most of this water 
is moving slowly toward a point of 
discharge. Over the period of a dry 
summer, ground water levels usually 
decline as water drains to streams Py | 
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Fig. 1. Resistivity Cross Sections. By plotting data such as these, gathered by the method of 
electric resistivities (described in text), and cérrelating them with plots such as those of Fig. 2, 


eo from Jour. AWWA, Vol. 51, @ good general three-dimensional picture can be formed of the geologic strata within a given 
pp. 273-285, by permission. area. 
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On hundreds of Chiybinos... 
HORTON’ ELEVATED 
STEEL WATER TANKS 


..». products of GI 
Craftsmanship in Steel 


Go North... East... South... West... you'll see Horton Elevated 
Steel Water Tanks on the skylines of America’s most progressive cities. 
Landmarks of municipal progress, these structures combine beauty 
and prestige with efficient water system planning. 
Horton tanks are designed to satisfy the increased water requirements 
of growing communities. They provide dependable gravity pressure 
water storage and assure these benefits: 

¢ Reduced pressure variations 
® Reduced pumping cost 
® Increased water pressure 
* Fire and emergency reserves 
¢ Welded construction providing trouble-free service life 

with a minimum of maintenance 

¢ All CB&l structures are built to AWWA standards 


The specific answer to your water storage requirements can be found 
in the wide range of capacities and designs of modern elevated struc- 
tures offered by CB&I: . 


WATERSPHERES® are graceful and contemporary in design. They 
provide maximum storage capacity in a functional, easy-to-paint and 
maintain structure. They are available in capacities from 25,000 to 
250,000 gallons. 

WATERSPHEROIDS® are big brothers to Waterspheres, differing only 
in size and shape. Waterspheroids range in capacity from 200,000 to 
500,000 gallons. Both structures are designed to allow use of the base 
of the column as a pump or storage house . . . eliminating the need and 


expense for separate buildings. Write for Watersphere and Water- 
spheroid Bulletin. 


SPHEROIDAL TANKS are available in several variations of the basic 
design to meet individual requirements. Capacities range from 200,000 
to 3,000,000 gallons. They can be built with a large central riser in 
smooth or a fluted design; or the central portion can be supported on 
an inner circle of columns. Write for Bulletin on Horton Elevated Tanks 
of Large Capacity. 

ELLIPSOIDAL-BOTTOM TANKS provide relatively large diameter 
and shallow depth. They have pleasing proportions and reduce the 
variation in pressure as water is used from them. 


RADIAL-CONE TANKS provide the advantages of elevated storage 
in a tank of large capacity with a low range in head. They have 
smooth lines, are easy to maintain and are available in capacities up to 
3,000,000 gallons. Can be furnished with or without a balcony. 


STANDPIPES fulfill the water storage needs of many communities. 
Horton structures are particularly adaptable to special decorative 
treatment if desired. (See photo.) 


STEEL RESERVOIRS provide gravity pressure where natural eleva- 
tions are available or where large storage capacity is needed at ground 
level. They can be designed to meet any size or capacity requirements. 
A variety of roof types can be furnished. Horton Stee/ tanks will not 
crack or leak due to uneven settlement. Routine preventive main- 


tenance will provide long service life. Write for a copy of Horton Steel 
Reservoirs and Standpipes. 


Cuicaco Brioce & IRoN ComPANY 
a> smense «, niline 


OFFICES AND SUBSIDIARIES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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tank with the usual definite physical 
proportions, however. The total res- 
ervoir capacity is the sum of the ca- 
pacities of the countless small voids 
within and between the fragments of 
earth materials. 

The geological history of a region 
determines the manner in which mate- 
rials are deposited and, in turn, the 
types of material which are located in 
different areas of the region. Further 
evaluation of the materials within an 
area requires study of available well 
records, drilling of test wells, and 
evaluation of reservoir capacities by 
water production methods. 

Designing a program of exploration 
that will yield a maximum of infor- 
mation for reasonable expenditures 
requires a careful evaluation of the 
geology, available drill records, and 
size of available areas. It is often 
profitable to use some means other 
than extensive test drilling to deter- 
mine the general subsurface condi- 
tions. Electrical resistivity surveying 
is one supplemental method that has 
been used with reasonable success in 
areas where glacial action has been 
responsible for much of the surficial 
deposition. It is necessary to use both 
electrical resistivity surveys and test 
drilling program to develop a proper 
and comprehensive survey. 

The fact that different earth mate- 
rials exhibit different resistances to 
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Fig. 2. Resistivity Contours. These contours rep- 
resent a second method of plotting the same 
resistivity data as plotted in Fig. 1. 


an electric current provides the basis 
for the electrical method of detecting 
changes in deposition. The electrical 
survey is conducted by placing four 
electrodes, at equal intervals and 
depths, in a straight line and passing 
a current between the two end elec- 
trodes while the drop in potential is 
measured across the inner pair of elec- 
trodes. From the data thus obtained 
a resistance value, which is called “ap- 
parent resistivity,” can be calculated. 
The apparent resistivity is an average 
resistance presented by all earth ma- 
terials from surface down to the depth 
of penetration. The depth of penetra- 
tion is approximately equal to the in- 
terval between electrodes. By keeping 
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Static Water Level 








Negative Boundary 
Fig. 3. Influence of Formation Boundary on Drawdown Cone. When a formation is discontinu- 
ous, Condition 2 of the Theis assumptions is unfulfilled, and the effects on water level are as 


shown in the upper illustration. When the formation is continuous but intersected by a body 
of water, conditions are as shown in the lower illusration. 


W.&S.W.—REFERENCE NUMBER—1960 


the center of the electrode array at a 
fixed point and repositioning the elec- 
trodes at various intervals, one may 
compile data and calculate an electri- 
cal relationship of materials in a ver- 
tical section. If the process is repeated 
for a number of points in an area, a 
horizontal cross section can be con- 
structed which is easily contoured to 
show the general stratification of ma- 
terials. Figure 1 shows resistivity 
cross sections which illustrate the 
technique. Figure 2 shows the loca- 
tions of 35 resistivity stations run 
during the course of the work at 
Wooster, Ohio, and illustrates another 
method of presentation. In this figure 
the average electric resistances, for a 
constant interval of electrode spacings, 
have been contoured in the same way 
that a topographic map would be con- 
structed. By comparing the results 
of both presentations, a three-dimen- 
sional picture of the reaction to an 
electric current can be developed. 

The application of this electrical 
picture to the geology and ground 
water potential of the survey area is 
a matter of correlating the various 
ranges of resistivity values with the 
earth materials they represent. In gen- 
eral it has been determined by practi- 
cal field investigations that the well 
sorted, permeable, granular formations 
have a higher resistivity range than do 
the poorly sorted and clay materials. 
This is true if all materials are satu- 
rated with water. 


Reservoir Evaluation 

When a test drilling program con- 
firms the presence of water bearing 
materials, it becomes necessary to de- 
termine how much water may be with- 
drawn and at what rates. Several 
factors, which are not directly meas- 
urable, determine the effects of pump- 
ing from a water-bearing formation, 
or aquifer. For example, 1 cu ft of 
uniform sand and 1 cu ft of well sort- 
ed gravel will have nearly the same 
volume of unoccupied spaces. How- 
ever, if these two units of material 
are thoroughly mixed, the sand parti- 
cles will fill in much of the intersti- 
tial pore space of the gravel, and the 
volume of the mixture will be consid- 
erably less than 2 cu ft. If a third 
unit of another material size is mixed 
with these, the volume will be less 
than 3 cu ft, and there will be an even 
smaller amount of open pore space. 
Thus, the greater the variety of grain 
sizes in a formation the less pore 
space and reservoir capacity there will 





be. Also, it is evident that the large, 
open, and well connected pore spaces 
of a uniformly coarse gravel will per- 
mit fluid flow with less head loss than 
would small pore spaces in a fine sand 
or irregular and poorly connected 
pores of a material composed of many 
grain sizes. The measure of a forma- 
tion’s ability to permit the movement 
of water under given head conditions 
is called its permeability. Thus a for- 
mation can have a high porosity but a 
low permeability compared to another. 

The properties of porosity and per- 
meability for a particular aquifer can 
not be accurately measured by test 
driliing or resistivity surveys. But 
drilling samples do indicate the aver- 
age thickness and degree of sorting 
represented by the resistivity values, 
which in turn yield some knowledge 
concerning the distribution of these 
conditions. 

Because permeability and porosity 
are terms developed for application to 
definite volumes of material in labora- 
tory work, they are of limited value in 
field applications where conditions are 
irregular and only averages can be 
measured and calculated. For field 
use, the product of the permeability of 
an aquifer and its average thickness 
is called the coefficient of transmissi- 
bility (T). The ability of a formation 
to store and yield water is most nearly 
related to its porosity and grain size 
and is called the coefficient of storage 
(S). 

Determining these coefficients by 
any means other than actual tests in 
the field is expensive, time consuming, 
and of questionable accuracy. Field 
testing methods for determining these 
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Fig. 4. Test Well Locations in Survey Areas. Pumping data from the test wells shown above 
and application of the Jacob equation (2) using these data, aid in locating recharge and 


formation boundaries. 


coefficients have been developed and 
are most popularly presented as the 
Theis nonequilibrium formulas (1). 
These methods are thoroughly dis- 
cussed in the literature on the subject 
and have been further discussed by 
many JOURNAL contributors. In de- 
veloping the method, Theis found it 
necessary to make certain basic as- 
sumptions, some of which are rarely 
satisfied in nature: 

1. The aquifer is isotropic and homo- 
geneous 


2. The aquifer has infinite areal extent, 
and is of uniform thickness. 
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Fig. 5. Test Well Data for Test No. 1. The decrease in slope for all wells after about 300 min. 


indicates the presence of recharge. 


3. There is uniform radial laminar flow 
toward the pumping well. 

4. There is instantaneous release of wa- 
ter from storage with no leakage from 
adjacent beds 

5. T and S are constant factors. 


A modification of the Theis method 
is attributed to Jacob (2) and employs 
the principle that under constant-rate 
pumping the drawdown for any well 
influenced is directly proportional to 
the logarithm of elapsed time. 

When a formation being tested is 
of great extent and of relatively uni- 
form composition, the water level 
curve, for all wells, when plotted 
against the logarithm of elapsed time 
will approach a straight line. Fur- 
then, the straight line portions of the 
plots will have the same slope. Since 
the numerical expression for this slope 
represents the denominator of the 
Jacob expression for transmissibility 
(2), it is evident that the uniformity 
of a formation’s ability to transmit 
water can be checked by comparing 
the plots for an array of observation 
wells. 

It should be noted that the T so de- 
termined for any one observation well 
represents the average condition be- 
tween the observation well and the 
point of pumping. Therefore, in a 
formation of variable composition, it 
should be expected that each observa- 
tion point will yield a different value 
for T. It is common practice to aver- 
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age the T values thus obtained for use 
as a design factor. 

When a formation is discontinuous 
(Fig. 3), the condition of great areal 
extent is no longer satisfied and pro- 
duction demand per unit area upon 
the limited formation is increased in 
the direction of discontinuity. The ef- 
fects upon the water level in the for- 
mation resemble those that would be 
produced if another “image” well 
were pumping an equal quantity at an 
equal distance beyond the boundary. 
Thus, the rate of drawdown at all 
wells is increased. 

If the formation is continuous but 
is intersected by a stream, lake, or 
other source of recharge (Fig. 3), the 
effects will be similar to those pro- 
duced by injecting water into the for- 
mation at a distance beyond the source 
equal to its distance from the area of 
pumping. Thus a reduction in the rate 
of change in water levels will be de- 
tected at all points of observation. 

When formation boundaries lie at a 
sufficient distance from the pumping 
well and points of observation, the 
straight-line plot will be established 
prior to the appearance of boundary 
effects. In such cases the boundary 
distances can be determined by the use 
of an equation similar in form to: 


re r;? ro? 


to to t, 


where 


ro = distance from the pumping 
well to the observation well 

r, = distance from the observation 
well to the first image (twice 
the distance to the first bound- 
ary encountered) 

r, = distance from the observation 
well to the second image 
(twice the distance to the 
second boundary’ encoun- 
tered) 

r, = distance from the observation 
well to the mth image (twice 
the distance to the mth bound- 
ary encountered) 

= the time at which the straight 
line plot of data intercepts the 
value, D = 0* 

= the time at which the effects 
of the first image occur on the 
data plot 

t2 = the time at which the effects 
of the second image occur on 
the data plot 

t, = the time at which the effects 
of the mth image occur on the 
data plot 

C = aconstant. 
* [Jacob (2) uses “s” for this symbol 
(meaning “drawdown” ).—Ed.] 
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When the distance to a boundary 
has been determined for each observa- 
tion well, arcs with a radius equal to 
thees determinations can be swung; 
their intersection will approximate the 
position of the image interference. If 
no intersection of arcs occurs, it may 
indicate the presence of undetected 
closer boundaries. This may be sub- 
stantiated by an inspection of the data 
plots and range of T values. 


Glacial and water-deposited mate- 
rials usually exhibit a complexity of 
deposition which is reflected in their 
hydraulic responses. These responses 
may take the form of absolute bound- 
aries but usually present a more com- 
plex picture of partial boundary con- 
ditions. The net effect may be rather 
suddenly established if the formation 
changes are at a distance from the 
pumping well that is great compared 
to the distance of the observation well 
from the pumping well. If these 
aquifer changes lie close to the pump- 
ing well, however, the time point of 
change may be extremely difficult to 
detect. In either case, if pumping rates 
and periods are of sufficient magni- 
tude, the rates of drawdown for all 
poitns of observation will approach a 
straight line plot which can be utilized 
for a graphic rate analysis independent 
of calculations involving the coeffi- 
cients T and S. 


Evaluation Example 


The unconsolidated glacial deposi- 
tion in the preglacial-bedrock valley 
system of the Wooster area is typical 
of the more important ground water 
reservoirs in Ohio. The procedures 
employed in evaluating the area are 
good examples of the methods used 
in appraising ground water reservoirs. 


From the test drilling and resistivity 
survey work in the Wooster area, it 
was known that the valley fill mate- 
rials were quite variable, ranging from 
well sorted, thick gravels to thin, 
poorly sorted lenticular deposits of 
sand, gravels, and clay. Therefore, it 
was expected that a number of boun- 
dary conditions would complicate the 
analysis. Two aquifer tests were con- 
ducted using the test wells for pump- 
ing and observation. Figure 4 shows 
the relative position of these wells. In 
test No. 1 the pumping rate was 1,500 
gpm for a period of 3 days and in test 
No. 2 the pumping rate was 2,800 
gpm and the pumping period 3 days. 

For test No. 1 all plots showed a 
decided decrease in slope from about 
300 min on (Fig. 5). No indication of 
this was detected on the plots for test 
No. 2. (Fig. 6). A decrease in recov- 
ery slope is indicative of formation 
recharge. 

The greatest apparent rates of wa- 
ter level change for each observation 
well used in tests No. 1 and 2 are 
given in Table 1. 

2640 

The Jacob equation (2), T = —— 

AD 
indicates the rate of drawdown (AD) 
is directly proportional to the rate of 
pumping (Q). Therefore, to facilitate 
proper comparison, all rates of change 
were revaluated to a rate of 1,000 
gpm. The adjusted rate values for 
test No. 1 and test No. 2, after re 
charge is established, show good com- 
parative values. The decline rates for 
test No. 1 prior to the establishment 
of recharge are approximately twice 
this magnitude, which implies that 
images of formation discontinuity oc- 
cur at relatively short distances from 





Table 1 
Apparent Rates of Water Level Change for Test Wells 





Pumping Rate 
gpm 


Recovery Rate per Logarithmic Cycle 
ft. 





Test No. 1 








Well 9 


Well 11 





Before recharge 
1,500 
1,000 


With recharge 
1,500 
1,000 


al Dh | 
2.26 
1.50 


2.05 


1.27 


0.77 0.84 





Test No. 2 





Well 11 


Well 15 


Well 16 Well 17 Well 18 





1.78 
0.64 


2.05 
0.73 


2.15 
0.77 


2.05 
0.73 


1.95 
0.70 
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PRELOAD BULLETIN T-22 


PRELOAD 
PRESTRESSED 
CONCRETE 
TANKS 


u Water tanks = Standpipes & Elevated tanks 
w Digestion tanks Pressure vessels 


Prestressed concrete offers the following 


advantages: 
® Economical first cost 
™ Maintenance costs 75% less than other types 
8 Architecturally pleasing 


= 75%, contract price is spent in the 
local community 


™ Standard, proven design 


Send today for more information on these 


MODERN 
PRESTRESSED 
CONCRETE 
TANKS 


eS Ba SRR ee i ea) a 


CRELOAD THE PRELOAD COMPANY, INC. 


355 Lexington Avenue, New York 17, New York 


ENGINEERS IN PRESTRESSED DESIGN 


W.&S.W.—REFERENCE NUMBER—1960 





R-114 


history of prestressed tanks 


The history, development, use and 
acceptance of prestressed concrete 
tanks justify their consideration for 
any storage project. 


Preload started designing and con- 
structing prestressed concrete tanks 
in the mid 1930’s. An early example 
of this work is the 50’ diameter x 100’ 
high 1.5 MG standpipe constructed 
for the City of New Britain. Con- 
structed in 1936, it has required no 
maintenance and is still in constant 
service. In 1943, Preload introduced 
its wire winding methods which have 
been in successful use throughout the 
world ever since. This mechanical 
method of prestressing tanks is the 
only U. S. method of prestressing, in- 
cluding linear methods, which has 
been exported for extensive use in 
foreign countries under license agree- 
ments. Operations have been or are 
under way in Algeria, Australia, Can- 
ada, Cuba, Colombia, France, Great 
Britain, Italy, New Zealand, Peru, 
Union of South Africa, Uruguay and 
others. 


Through 1947, some 470 tanks had 
been constructed to Preload designs 
totaling 166,000,000 gallons. This 
averages 350,000 gallons per tank. 
Since 1947 and through 1957, over 
660 tanks have been constructed to 
Preload designs; these total one bil- 
lion gallons and average 1,500,000 gal- 
lons per tank. This sharp rise and 
increase in use in the past decade 
strongly indicates the widespread 
acceptance of this method of construc- 
tion. These tanks have been built for 
ground and elevated water storage, 
water treatment, sewage digesters, 
petroleum storage and many other 
industrial applications. 

In recent years, the use of pre- 
stressed concrete for larger and larger 
tanks has become evident. Last year 
saw the completion of 2—292’ diame- 
ter 13,000,000 gallon tanks for the 
City of Reading, Pa. Gilbert Associ- 
ates Inc. were Consulting Engineers. 
1958 will see the City of Springfield, 
Mass.. advertise for bids for 2— 
15,000,000 gallon tanks, 320’ in diame- 
ter for addition to their Provin Moun- 
tain Reservoir. Bogert & Childs Asso- 
ciates are the overall consultants. The 
East Bay Municipal Utility District 
of Oakland, California, is now con- 
structing a 10 MG tank. This Utility 
has nearly 40 prestressed concrete 
tanks in service. 

In brief, Preload tanks are not 
something new, prestressing is not a 
fad, it’s a tool to be used by the re- 
sourceful designer to help his client 
solve a storage problem. 
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what is a prestressed tank 


A concrete tank is considered to be 
prestressed when it is designed and 
constructed so that when the tank is 
full, the ring forces created do not 
cause any circumferential tensile stress 
in the concrete. Since a prestressed 
concrete tank is designed as a cylin- 
drical shell with edge restraint, ver- 
tical moments result when the tank is 
initially prestressed and moments of 
opposite sign but of less magnitude 
result when the tank is filled. These 
moments and the resulting tensile 
stresses and how they are reinforced 
for are probably the most important 
aspect of prestressed concrete tank 
design. A tank wall may be rein- 
forced vertically by prestressed or 
mild steel reinforcement or a combi- 
nation of both depending on the mag- 
nitude of the residual tensile stress. 
In any case of residual tension, mild 
steel reinforcement must be provided. 

In a Preload type prestressed con- 
crete tank, the uniformly stressed 
circumferential prestressing is so de- 
signed and placed that no circumfer- 
ential tensile stresses are created when 
the tank is full. The Preload tank also 
provides a well balanced design for 
the vertical moments due to edge 
restraint, temperature differentials, 
backfill, etc., so that total bending ten- 
sile stresses are low. 

In the above description of a pre- 
stressed concrete tank, you will note 
a strong emphasis on the matter of 
vertical bending stresses. We accept 
as axiomatic that no circumferential 
tension can occur in a wire wound 
Preload tank; therefore, the major 
emphasis in design is found in the 
problem of vertical bending. 

Our current practice in designing 
tanks including full design criteria is 
described in detail in our Bulletin 
T-19, “Design of Preload Tanks,” 
which is available on request. These 
criteria are accepted by agencies of 
the Federal Government, the Port- 
land Cement Association and many 
municipalities. 

Since 1953, Preload has been using 
a rubber pad at the base of the wall 
and under the dome ring of dome 
roofed tanks in order to reduce the 
edge restraint as much as possible. 
This feature has made possible very 
great improvement in Preload tanks. 
Dumbbell type rubber water stops are 
used between the footing and wall and 
in all floor and wall construction 
joints so that positive joint tightness 
is assured. With the rubber pad, on 
which the wall floats, the restraint is 
accurately determined from shear re- 
sistance data of the rubber furnished 
by the manufacturer. Vertical bend- 


ing due to edge restraint is reduced 
to about 30% of that resulting from 
even the best of sliding joint prepa- 
rations abandoned by Preload because 
of the uncertainty of field results. 
Owners should note carefully any pro- 
posed designs based on sliding base 
details as nearly 50% of the circum- 
ferential prestressing usually must be 
applied before static friction is over- 
come and sliding starts. Until sliding 
does start, the base must be considered 
as hinged and the vertical stresses 
analyzed accordingly. The rubber pad 
base joint contains patented features. 

An example of the effect of edge 
restraint on the vertical stresses is 
shown in the table on the following 
page taken from Preload Bulletin 
T-19. 


construction 


The construction of the floor, core 
walls, and roofs of Preload tanks 
follows sound standard construction 
practice, and may be of concrete or 
pneumatically applied mortar depend- 
ing on the size of the tank. 


floors 


Floors for Preload tanks may be of 
either 4” poured concrete or 2” pneu- 
matic mortar. In each case 4% of 
reinforcement, each way, is provided. 
Pneumatic mortar floors normally do 
not have expansion joints. Poured 
concrete floors are usually subdivided 
for ease of pouring, but each construc- 
tion expansion joint is sealed with a 
rubber water stop. For best results, 
floors should be kept moist or flooded 
with a thin layer of water until the 
tank is placed in service. 


Preload heavy duty Merry-Go-Round wire wind- 
er, stressing .192 wire to 150,000 PSI initial 
stress. Two 13.0 MG reservoirs—292’ ID x 2774” 
SWD, Reading, Pennsylvania 





RUBBER PAD 
BASE 


SLIDING BASE 
EF. OF FRICTION—.5 





OUTSIDE INSIDE 
TANK EMPTY FACE FACE 


OUTSIDE INSIDE 
FACE FACE 





Dead Load 
Base Restraint 
Summation 
Temperature 
Summation 


+ 61 
+175 
+236 


+ 61 
—I75 
—114 
— 70 
—184* 


+ 61 
—445 
—384 
— 
—454* 


+ 61 





TANK FULL 





Dead Load 
Base Restraint 
Summation 
Temperature 
Summation 


+ 61 
= 2 
+ 32 


—169 
—137 


+ 61 
+335 
+396 
—169 
+227 





* For the same stresses for both designs provide (454 — 184) = 270 psi 
with vertical prestressing (32,500 #/ft. of wall). 





walls 


The walls for Preload tanks may 
be built of either concrete or pneu- 
matic mortar. It is usually economi- 
cal to use pneumatic mortar when the 
walls are less than 6 inches thick; 
concrete when they are thicker. In 
each case, the forms are designed and 
erected in accordance with standard 
construction practice. Cast-in-place 
concrete walls are usually constructed 
in segments of full height. Rubber 
water stops are used in all vertical 
joints. After the walls have been shot 
or poured, they are allowed to cure 
and reach a strength of at least 1.8 
times the initial circumferential com- 
pressive stress before the circumfer- 
ential prestressing is applied. Vertical 
reinforcement as required by the de- 
sign may be prestressed or standard 
mild steel bars, or a combination of 
both. The prestressed reinforcement 
usually is comprised of high strength 
bars or wire cables similar to those 
used for prestressing bridge girders. 


roof 


Roof design for Preload concrete 
tanks may be dome, cast-in-place flat 
slab, precast flat slab or cable sus- 
pended; the choice being dependent 
upon the basic tank design or operat- 
ing requirements. 

The recommendations of the Joint 
Committees of Standard Specifications 
ACI-ASCE for Concrete, Reinforced 
Concrete and Pneumatic Mortar, form 
the basis of Preload construction spec- 
ifications, practice and recommenda- 
tions. Detailed Technical Specifica- 
tions for the construction of Preload 
tanks are available on request. 


the prestressing operation 

A circular tank is prestressed by 
winding high strength wire around the 
concrete core wall with a self propelled 
machine riding on and around the wall 
of the tank. The wire is stressed by 
drawing it through a die of smaller 
diameter than the normal wire. This 
operation is similar to the wire draw- 


ing process used in the mills for mak- 
ing the wire. Accurate stress levels 
are obtained and the stress around the 
tank is uniform because there is no 
slippage of the wire on the tank wall 
after it is in place in its stressed con- 
dition. A stress measuring instrument 
is available on each job to check the 
wire stress on the tank. 

After the circumferential reinforce- 
ment has been placed, a coating of 
pneumatic mortar is applied to the 
outside wall to bond the wire to the 
wall and provide permanent protec- 
tion against corrosion. For complete 
protection, the exterior coat of pneu- 
matic mortar need be no more than 
5%” thick. When the design of the 
tank calls for multiple layers of wire, 
each under layer is given a 4%” pro- 
tective coating. The pneumatic mor- 
tar also lends a highly attractive ap- 
pearance to the finished structure and 
requires no maintenance. 

Preload, its construction licensees 
or competent local general contractors, 
experienced in reinforced concrete 
work, can successfully and economi- 
cally build Preload tanks. Where lo- 
cal general contractors are to perform 
the general concrete work, Preload 
or one of its licensees will serve as a 
sub-contractor for the specialized por- 
tions of the work. We have intention- 
ally “designed out” troublesome con- 
struction details and simplified con- 
struction requirements. To assist the 
local consultant, or inspection group 
of the owner, Preload has an “Inspec- 
tion Check List” which provides help- 
ful hints. It is also an inspection guide 
to assist the contractor, by proper 
inspection, in meeting the intent of the 
plans and specifications. Preload can 
furnish a Field Engineer for special 
inspection duties if desired. 


design and cost estimating 


The Consulting Engineer or Owner 
normally determines the medium of 
design and construction for a struc - 
ture. With tanks the choice is be- 
tween steel, reinforced concrete and 
prestressed concrete. Advantages and 


MG ... 133’ ID x 29’ SWD water tank, Montgomery County (Dayton) Ohio 


disadvantages can be stated for each. 
Seldom does an Engineer design a 
reinforced concrete tank and also a 
steel tank for taking competitive bids 
on the same job. It is just as incon- 
sistent to place prestressed concrete 
in competition with either reinforced 
concrete or steel. The three types are 
not comparable in life expectancy, fire 
resistance, serviceability, maintenance, 
availability, or initial cost. 

The Engineer can easily make a 
reasonably accurate cost estimate for 
a reinforced concrete tank. Steel com- 
panies gladly give prices for steel tanks 
to which must be added cost of foun- 
dations, painting, and such corrosion 
control methods as cathodic protection 
or interior coatings, and evaluated 
costs of maintaining the steel tank 
during its life. 

Accurate cost estimates for pre- 
stressed concrete tanks are easily ob- 
tained. On standard tanks Preload 
or its Licensees will furnish estimates 
accurate within 5% based on current 
labor and material costs. With the 
price for the structure accurately de- 
termined, the Engineer can make his 
evaluation and comparison with other 





2 MG water tank . . . 160’ tower, 195” to over- 
fiow, Tyler, Texas 
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Two 13.0 MG reservoirs—292’ ID x 27’°4” SWD, 


methods of design and construction 
and decide on which to use. 

Contract documents may be pre- 
pared in several ways: 


(1) If a decision is made to use 
a Preload tank, Preload will be 
glad to cooperate with the En- 
gineer in preparing engineer- 
ing plans and specifications to 
be included with the contract 
documents for issuance for bids. 


In lieu of (1) above, or if alter- 
native methods of construction 
are decided on, then Preload 
will cooperate with the Engi- 
neer in preparing definitive 
specifications including detailed 
design requirements to be in- 
corporated with the contract 
documents. Bidding contrac- 
tors should file copies of design 
calculations and drawings with 


their bids. 


In special cases of alternative 
bids, and after Preload has had 
an opportunity to review the 
proposed alternative methods, 
it may be suggested to the En- 
gineer that engineering draw- 
ings for the prestressed con- 
crete tank should be prepared 
and issued in the interest of the 
client. In such case, Preload 
will assist in the preparation 
of such plans as in (1) above. 


In some cases, the Owner has 
elected to negotiate with Preload for 
the furnishing of the prestressing work 
for the project for a lump sum price 
that represents a small percentage of 
the cost of the compiete tank. This 
price can be included in the contract 
documents with a stipulation to all 
bidding general contractors to include 
this sum as an allowance item in their 
bid. The general contractor will then 
engage Preload or one of its licensees 
as a sub-contractor for the specialized 


Reading, Pennsylvania 


One | MG tank—28' High x 86' ID built from 34 precast concrete panels 


(or staves) 8' wide each, Canberra, Australia. 


work. This procedure is particularly 
well suited to situations where only a 
Preload tank is desired. 

Local material prices, labor rates 
and conditions will influence greatly 
the final bid price of a prestressed tank 
just as they do for any other construc- 
tion. Since a Preload tank is con- 
structed with formwork, concrete and 
reinforcing steel, over 75% of the 
contract price is spent in the local 
community for labor and materials. 
This should be an important point 
when steel tanks are being considered 
as the percentage of local expenditure 
is just about reversed. 


maintenance 


Based on average U. S. conditions 
the larger capacity Preload tanks are 
generally more economical than con- 
servatively designed reinforced con- 
crete tanks. Smaller tanks may show 
no economy in initial cost but the ad- 
vantages of prestressed design fre- 
quently justify the selection of a Pre- 
load tank. Preload tanks may cost 
slightly more in bare initial cost than 
ground storage steel tanks. However, 
steel elevated or underground tanks 
generally are more costly than com- 
parable designs in prestressed con- 
crete. 

Since alternative methods may be 
considered, a complete economic eval- 
uation must include the cost of main- 
taining the facility during the bond 
period of service life. In comparison 
with steel tanks, the cost of adequate 
regular maintenance becomes a sub- 
stantial item of cost. Depending on lo- 
cal conditions, proper inspection, and 
maintenance, steel tanks will average 
2.5¢ to 4¢ per square foot of main- 
tained surface. This should include 
floor, interior and exterior surfaces 
of walls and roof. With column sup- 
ported roofs the structural system in- 
volves a considerable area and should 


not be disregarded. It must be real- 
ized that prices will increase as they 
have in the past ; therefore, the present 
maintenance dollar will have to be 
nearly doubled to represent the aver- 
age cost for a 25 year period. 

In summary, the Engineer and 
Owner should look on prestressing as 
another medium with which to build 
their storage tank, whether it be un- 
derground, surface or elevated. This 
is not a new material or concept; it 
is a recognized and accepted solution. 


Wall will float on 5” x 12” x 2” rubber pads. 
Rubber water stops positively seal all construc- 
tion and articulated joints. 


Pneumatic mortar cover coating for wire protec- 
tion. 





THE PRELOAD COMPANY, INC. 


@ 355 Lexington Ave., New York 17, N. Y. 


@ 351 Jefferson, Dallas, Texas 


PRELOAD CONCRETE 
STRUCTURES INC. 

837 Old Country Road 
Westbury, Long Island, N.Y. 


HERRICK IRON WORKS 


28400 Clawiter Road 
Hayward, Calif. 


THE CANADA GUNITE 
COMPANY, LTD. 

125 Hymus Boulevard 
Pointe Claire, P. @., Canada 
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the pumping well. 


From what was learned of the for- 
mation composition through other sur- 
vey work, the boundaries of discon- 
tinuity should dominate the hydraulic 
characteristics of the formation. This 
is especially true for periods of 
drought when stream flow is at a mini- 
mums and water pumpage at a max- 
imum. Therefore the evidence of for- 
mation recharge should be ignored ; it 
should also be assumed that the for- 
mation is discontinuous, as shown by 
test No. 1, and that test No. 2 rates 
of change would have been equal to 
those in test No. 1, had the test pump- 
ing period been extended. 

Obviously the geologic analysis is 
not quite as simple as the apparent 
stated hydraulics. As long as satis- 
factory well sites can be located to 
produce the available water, however, 
it is impractical to seek a solution to 
the complex geologic picture. 

In order to make use of rates of 
decline for well field design purposes, 
it is necessary to establish what effects 
will be manifested during some time 
interval. Theim (3) has shown that 
the drawdown is proportional to the 
logarithm of the distance from the 
point of pumping. Therefore, by 
using observed data for a number of 
observation wells at different distances 
from the point of pumping it is pos- 
sible to establish a logarithmic profile 
of the cone of depression at any given 
time after the true formation response 
has been established. Extreme bound- 
ary are influenced to a greater degree 
than the field average. For purposes 
of design in a high capacity field over 
extended production periods, how- 
ever, the consideration of the average 
effect is of greatest significance. If 
pumping proceeds long enough, the 
points will nearly approximate the 
straight-line condition under the in- 
fluence of most ordinary glacial for- 
mation changes. Figure 7 is such a 
profile and was constructed by adjust- 
ing the observed data from test No. 2 
for various values of QO after a pump- 
ing period of 1,500 min, or approx- 
imately 1 day. Drawdown is directly 
proportional to pumping capacity. For 
later convenience, the observed data 
were again adjusted to a pumping 
rate of 1,000 gpm. 


From data in Fig. 7 the water lev- 
els at any point within the cone of 
depression of the pumping well may 
be forecast for the end of 1 day of 
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Fig. 6. Test Well Data for Test No. 2. The data plots for this set of test wells indicates no 


recharge present as in test No. 1 (Fig. 5). 


pumping at 1,000 gpm. For example, 
at a distance of 500 ft from the point 
of pumping, the water level will have 
declined 1.36 ft. per 1,000 gpm; at a 
distance of 1,000 ft the decline will be 
1.04 ft per 1,000 gpm; and at a dis- 
tance of 1,500 ft the decline will be 
0.83 ft per 1,000 gpm. These values 
may then be used as a starting point 
for the construction of semilogarith- 
mic curves of water level declines 
over an extended pumping period. 
Such curves are useful in estimating 
the capacity of a well field that has 
various well spacings, where the in- 
terference drawdowns of companion 
wells are a matter of concern. For 
the construction of such curves it is 


to be used in extending the water 
level forecast. For the sake of con- 
servatism, the effects of recharge 
should be ignored. The decline rate 
of greatest magnitude (1.5-ft logarith- 
mic cycle) should be selected as the 
most conservative value. The curves 
in Fig. 8 are based on this construc- 
tion, 

When satisfactory approximations 
for T and S can be made without the 
influence of boundary images, these 
curves can be calculated with consid- 
erable accuracy. In cases where 
images appear at relatively short dis- 
tances, the graphic-extension method 
provides a method of analysis which 
sacrifices a minimum of analysis and 
is considerably more lucid than the 
complex and extensive multiple-image 
calculations. 


Well Field Design 

Drought periods of 100 days are not 
unknown in the Wooster area and rep- 
resent a conservative estimate of the 
duration of heavy draft and limited 
recharge. If it is assumed that pro- 
duction wells at approximately 1,000 
ft apart will have pumping capacities 
of 3,500 gpm each, and that pumping 
will be continous for 100 24-hr days, 
then, where D represents drawdown 
and numerical subscripts denote the 
distance from neighboring well, equa- 
tions for total drawdown effects may 
be written. 


For wells at end locations : 

Total D (per 1,000 gpm) 
= D, + Dy, 00 + Dz, oo 

When Q = 3,500 gpm, 
Total D 

= 3.5 (Di + Di, ooo + De, ooo) 
Substituting data from Fig: 8, 
Total D 

= 3.5 (744+ 4.1 + 3.7) = 53.2 ft 
For a well at the center: 

Total D = 3.5 (D, + 2 Dy, oo) 


3.5 [7.4 + 2 (4.0) ] 
= 53.9 

It must be recognized that the D 
factors thus calculated represent only 
that portion of the total drawdown 
which can be attributed to aquifer 
head losses under laminar flow con- 
ditions and interference effects of 
neighboring production wells. Addi- 
tional head losses in and about a 
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Fig. 7. Cone of Depression Profile After 1-Day 
Pumping. The curves represent logarithic varia- 
tion in drawdown with distance from the pump- 
ing well. Curve A, @Q = 500 gpm; Curbe B, 
Q = 1,000 gpm; Curve C, Q = 2,000 gpm; 
Curve D, = 3,000 gpm. 


pumping well are factors for consider- 
ation in individual well design and 
beyond the scope of this article. 


Long-Range Prospects 


The estimates of drawdown have 
been made on the basis of aquifer char- 
acteristics displayed during a limited 
period of testing. It is therefore quite 
probable that results of long-term 
production from this area will be at 
some variance with those that would 
be predicted at this time. One factor 
of considerable interest is the rate of 
aquifer recharge that can be expected 
either through hydraulic connection 
to the surface streams in the area or 
by percolation of precipitation through 
the overlying soil and clay. 

Recharge rates have been deter- 
mined in Ohio for the Miami Valley 
area and in Canton by USGS. For 
those two locations, the rates are, 
respectively, 650,000 gpd/sq. mi and 
374,000-460,000 gpd/sq.mi. These 
figures refer to water table forma- 
mations. There is considerable evi- 
dence to suggest that the Wooster 
area will assume water table char- 
acteristics during long-term pumpage. 
The total available recharge area to 
the aquifer includes the drainage area 
of Killbuck Creek and Apple Creek 
upstream from this point as well as 
a considerable portion of the valley 
downstream. This total area is great- 
er than 200 sq mi. Using a recharge 
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Fig. 8. Drawdown for Extended Pumping at 1,000 gpm. The curves above are based on the 
decline rate of greatest magnitude (1.5-ft. logarithmic cycle) for various distances from pump- 
ing (Q = 1,000 gpm); distances are, from the bettom up, 1, 10, 100, 200, 400, 600, 800, 


1,000, 1,500, 2,000 and 2,500 ft. respectively. 


rate of 0.3 mgd/sq mi, to be on the 
conservative side, one finds that a pro- 
duction of 15 mgd from the well field 
which utilize the recharge of only 
one quarter of the area assumed to be 
available and require a recharge rate 
of only 0.075 mgd/sq mi, or 0.08 gpd 
per acre. 


Summary 


Evaluation of geology and sur- 
face work prior to new exploration 
is the best basis for the selection of 
exploration areas in a region. 

Electric resistivity and test drilling 
work should be coordinated to deter- 
mine the best water-producing loca- 
tions within an area. 

Aquifer performance test work can 
best be evaluated by using the geologi- 
cal, electric resistivity, and test drill- 


ing data as a guide to the interpreta- 
tion of hydraulic responses observed. 

If large pumping rates are main- 
tained over moderate test periods, it 
is possible to analyze test data without 
assigning absolute values for the co- 
efficients of transmissibility and stor- 
age and estimate the interference of 
wells for the design of a well field. 
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R-120 


_ ELEMENTS of a complete dis- 
tribution system include distrib- 
uting reservoirs, conduits or trans- 
mission mains, and pipe lines. Acces- 
sories to a distribution system include 
booster stations, valves, hydrants, 
main line meters, and service con- 
nections. 

The importance of distribution sys- 
tems is indicated by these facts: Pipe 
lines in water works handle a greater 
tonnage per day than any other trans- 
portation system; approximately 66 
per cent of the total value of water 
works is in the distribution system; 
approximately 80 per cent of the dis- 
tribution system value is in mains 
and valves. 


Distributing Reservoirs 


The functions of distributing reser- 
voirs are to: Equalize hourly or daily 
flow; provide and maintain desired 
pressure in remote areas; and to 
provide emergency storage for fire 
protection purposes. Distributing 
reservoirs also permit equalization of 
pumping heads, economies of con- 
struction, economies of operation, and 
reduction of pressure fluctuations. 

Distributing reservoirs may be of 
steel, reinforced concrete, earth or 
wood and may be located at or below 
ground level (ground storage) or 
above ground level (elevated stor- 
age). Elevated storage may be in 
tanks or standpipes. 

Distributing reservoirs are located 
at-a point near the center of con- 
sumption, near areas where improved 
pressure is needed, on high ground, 
and on a site that gives greatest ad- 
vantages for lowest construction 
costs. 

The capacity of distributing reser- 
voirs depends on maximum rate of 
consumption, maximum pumping ca- 
pacity, minimum safe yield of source 
of supply, and fire flow requirements. 
Reserve storage for fire protection 
emergency must be provided if pump- 
ing Capacity is not sufficient to meet 
requirements for fire flow set by Nat. 
Bd. Fire Underwriters. Reservoirs 
float on the system. When pumps op- 
erate at average rate, storage tanks 
fill or empty depending on whether 
or not the rate of consumption is 
above or below the pumping rate. 


Conduits and Transmission Mains 


Water from a supply source or 
pumping station travels to a distri- 
bution net work by gravity in con- 
duits or open channels or in pressure 
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lines termed transmission mains. 

Gravity conduits may be canals, 
flumes, or aqueducts. Pressure lines 
may be cast iron, steel, reinforced 
concrete, or wood stave. Transmis- 
sion lines are located to take the 
shortest route possible. Pressure lines 
should avoid peaks and depressions. 
The size should be based on estimated 
capacity 25 years in the future. Twin 
lines are frequently used as a protec- 
tion in case of failure and to allow 
cleaning. 


Pipe Line Materials 


Materials used in distribution sys- 
tems include cast iron in all sizes, 
reinforced prestressed concrete (gen- 
erally in larger sizes) asbestos-cement 

generally below 24 in.), steel (gen- 

erally larger than 36 in.) and wood 
stave (mainly for irrigation, and in- 
dustrial supplies). 

As a protection against corrosion, 
metal pipes are lined, either with a 
coal-tar-pitch varnish (bituminous 
tar) or cement lining added during 
manufacture or in place. 

Joints for pipe depend on the type 
of pipe. Cast iron pipe may be bell 
and spigot, flanged, universal, me- 
chanical, or flexible ball joints. Con- 
crete uses a rubber ring and offset 
joint forced together under tension. 
Asbestos-cement pipe uses a rubber 
ring on a tapered end with the joint 
covered by a sleeve which holds the 
rubber ring under compression. Bell 
and spigot joints are sealed with lead 
or sulfur joint compounds poured 
hot against a packing ring of jute, 
braided paper or rubber. 

Fittings include curves or ells 
(22%, 45, and 90 deg.); reducers, 
tees, wyes, crosses, and sleeves. 


Network Systems 


The distribution system consists of 
three parts: Supply mains, (also 
termed transmission mains) carry 
water from source or pump station 
to sections of a city. Arterial mains 
are secondary feeders connected to 
supply mains. Minor distributors 
make up the gridiron between the 
arterial mains and supply both do- 
mestic consumers and fire hydrants. 
The location and sizing of mains de- 
pend on the area to be served, the 
number of customers, the required 
fire flow for the area, number of 
fire hydrants. 

Booster stations consist of. pumps 
which take water from a supply main 
and discharge it at a higher pressure 


at another point in the line. Booster 
stations increase line pressure in out- 
lying areas when head loss is too 
great in the line. They may be op- 
erated in connection with elevated 
storage tanks and are controlled either 
by pressure or by a combination of 
flow and pressure (Pressureflo). 


Valves and Hydrants 


Valves are located on all branches 
from feeder mains and between minor 
distributors and hydrants. They 
should be placed at least every 1200 
ft. on arterial mains and minor dis- 
tributors and at lesser distances in 
high value areas. 

The types of valves used on dis- 
tribution lines include butterfly 
valves, cone valves and gate valves. 
Check valves are automatic valves 
that allow water to flow in one direc- 
tion only. Back flow preventers are 
special types of check valves used 
in cross connections between domestic 
and industrial supplies. Altitude 
valves in elevated storage tanks to 
control flow into or out of tank de- 
pending on line pressure and water 
level in the tank. 

Hydrants for fire protection serv- 
ice are located according to area to 
be served, population, district value, 
length of fire hose that can be served, 
and method of obtaining required fire 
pressure. Types of hydrant most com- 
monly used has two 214-in. hose out- 
lets and one 4-in. pumper outlet. 
They are located from 2 to 6 ft. from 
the curb. 


Meters and Services 


Main line meters (Venturi tubes, 
Dall Flow Tubes, propeller meters) 
are used to determine flow of water 
entering the distribution system or at 
points of interconnections. They 
should have high accuracy and low 
head loss. 

Services are small pipes which con- 
nect the street mains to the con- 
sumer’s house. They are usually 4% 
to 1%4-in. in diameter: and may 
of galvanized iron, copper, lead, or 
plastic. Service meters are the cash 
register of a water works; they may 
be owned by the utility? or by the 
consumer ; they should be.ghecked at 
regular intervals of 5 to 7 years, 
oftener if readings appear unusual. 

Operators of a distribution system 
meet many problems such as fire 
rating, fire flow, pressure, main siz- 
ing, main laying, tappigg, hydrant and 
valve maintenance, leak surveys, etc. 
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he major part of this article is 

concerned with balanced pump- 
network-storage characteristics. A 
discussion of demand characteristics 
and of balancing procedures will be 
illustrated by data and computations 
taken from a study of Philadelphia’s 
Belmont High-Service District. This 
district is predominantly residential, 
having a moderate mercantile develop- 
ment and practically no industry. 


Typical Demand Characteristics 

The frequenecy of occurrence of dif- 
fering demands is an important con- 
sideration in any thorough design in- 
vestigation. In Fig. 1 are plotted the 
daily demands in the Belmont High 
Service District for each day of five 
different years in terms of the re- 
spective yearly averages (average- 
day demand). The ratios of actual 
daily demand to average day have 
been arranged in descending order of 
magnitude, regardless of the actual 
calendar sequence of their occurrence. 
The position of any ratio along the 
horizontal scale thus gives the per- 
centage of the year during which that 
ratio was either equaled or exceeded. 
The highest ratio for any given year, 
occurring less than 1 per cent of the 
year, is for the maximum day. The 
lowest ratio, equaled or exceeded 100 
per cent of the year, is for the mini- 
mum day. The characteristics of each 
of the 5 years do not differ apprecia- 
bly from one another (even though 
the actual numerical average annual 
rates happen to have a spread of about 
+7 per cent). 

In Fig. 2 the curve of the daily 
averages for 1957 from Fig. 1 has been 
reproduced together with smoothed 
curves representing the maximum and 
minimum hours for each correspond- 
ing day in 1957. The maximum hour- 
ly demand ratio at the extreme left is 
therefore for the maximum hour of 


*Reprinted from Jour. AWWA, Vol. 51, 
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the maximum day. It should be noted 
that, over a substantial part of the 
year, the variations in both the maxi- 
mum and minimum hourly demands 
are relatively minor. Because of the 
small variations over the major part 
of the year for this as well as practi- 


cally all Philadelphia service districts, 


design has been based primarily upon 
the maximum and minimum hourly 
demands of the maximum and aver- 
age days. 

The coordinates of the 1957 curves 
in Fig. 3 are somewhat similar to 
those of the preceding figures, but 
these curves are for three specific days 
and show the hourly variation in de- 
mand in terms of the average for the 
given day. Again, the demand ratio 
values (here, for each hour) have 
been arranged in descending order of 
magnitude. It is to be especially noted 
that rates above the average for the 
day are experienced for 65 per cent 
(or about 15% hr) of both the maxi- 
mum and average days. This happens 
to be true of the hourly variations 


for other days of this year with de- 
mands between those of the average 
and maximum days; the “92 per cent 
of average-day demand” curve repre- 
sents the typically modified character- 
istics of a day with a demand lower 
than the annual average. The charac- 
teristics of the maximum- and aver- 
age-day hourly demands are similar 
(for this as well as other high-service 
districts in Philadelphia). 

From data similar to those used in 
Fig. 3, a range of demand ratios for 
12 hr out of 24 was determined for 
other days in 1957, and is represented 
by the shaded area in Fig. 2. It can 
be seen that for 50 per cent of the 
hours in a day times about 80 per 
cent of the days in a year, or 40 per 
cent of the hours in a year, the range 
of demand is only around 0.9-1.3 times 
the annual average. These figures 
show the weakness of depending too 
heavily upon averages and extremes 
only as design indices, and they em- 
phasize the rarity of extremely high 
or low demand rates. 
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Fig. 1. Daily Demand Distribution for Belmont High-Service District. These curves are based 
on records for each day of the years 1953-57. Solid curve, 1953; long-short dashed, 1954; 
short dashed, 1955; long dashed, 1956; dashed-dotted, 1957. Demand duration means here 


the percentage of the given year during which a particular d d was 
and does not represent a continuous duration. 
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1907 —rhiadelphia— 27 miles of 48-in. and 36-in. ID 1928-— Fairbanks, Alaska—6 miles of 56-in. and 46-in. 
steel pipe installed. All but a small portion which ID steel pipe have been in operation for 32 
was relocated for subway construction is still years, completely exposed to temperatures as 

going strong. That’s 53 years on the job. 


low as 66 deg below zero. Flow capacity—as 
good as ever. 








__ Newark, N. J.—Twin steel aquaducts, 26 miles 


long, are still going strong——one after 68 years 
of service, the other after 64 years. 


for an 84-in. ID steel main in almost constant 
use for 45 years. 


1915—Baltimere No apparent loss of flow capacity 189 
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‘Our old steel mains are still on the job” 
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18938—sen 4 ID steel intake pipe laid in 1932—Taaeu= Pa.—The nation’s first centrifugally 
Skaneateles Lake. In the words of a waterworks spun tar-enameled steel main boasts flow capac- 
official, it’s “‘in excellent condition today.’’ And ity “‘as good as ever’’ despite the scouring of 


that’s after sixty-seven years under water. corrosive soil, the buffeting of flood waters, and 
the shearing action of mine cave-ins. 


The evidence is clear and overwhelming: large-diameter steel mains, properly protected 
and installed, give upwards of fifty years of eminently satisfactory service. 

What’s more, steel pipe is not subject to the costly and annoying failures that plague 
pipe made of brittle materials. 


Remember: every single length of steel pipe is tested at the shop in accordance with AWWA 
standards—usually to twice the working pressure. 
Don’t you think you should specify tar-enameled steel pipe for your next water main? 
For information about our new types of slip-joint pipe for fast, economical installation, 
contact the Bethlehem sales office nearest you. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. Fxport 


BETHLEHEM STEEL 
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Fig. 2. 1957 Demand Distribution for Belmont 
High-Service District. The shaded portion of the 
graph represents the approximate range of de- 
mands in 12 of 24 hr. 


Balancing of Pump and Equalizing- 
Storage Characteristics 

Excellent papers have been pub- 
lished on procedures for balancing 
pumps for demand variations without 
storage (1,2). Ina recent paper (3), 
it was stated that with equalizing stor- 
age a step-by-step balancing of stor- 
age, demand, and pumping rates was 
normally neither necessary nor desir- 
able and outlined what had been found 
to be an expedient design procedure. 

The Belmont High Service District 
will again serve as an example. Ele- 
vated storage is to be provided on the 
extreme west end of the district by 
1960. The pumping station is on the 
opposite, eastern edge of the district. 
The lowest arterial hydraulic gradient 
is much closer to the storage site than 
to the pumping station. In the ex- 
ample, the anticipated 1960 average- 
day demand schedule will be balanced 
against a potential 1960 gross storage 
of 2 mil gal (25-ft maximum operat- 
infi range). 

Anticipated typical 1960 average- 
day hourly demands are graphed in 
Fig. 4. The horizontal dashed line 


represents pumping at a uniform rate 
of 9.3 mgd ( the average demand), 
which should be approached as nearly 
as possible for full utilization of the 
storage and best operation and is the 
starting point for the balancing pro- 
cedure. The differences between the 
uniform pumping rate and the de- 
mand curve have been combined and 
the upper curve represents the result- 
ing storage characteristics. Points A 
and B were selected as being repre- 
sentative of the probable extremes in 
hydraulic gradient (for A, 4.2 mgd 
would go to storage; for B, 3.0 mgd 
would come from storage to meet the 
peak hour). Point A was taken where 
the storage level would be highest for 
the largest input to storage and should 
yield the maximum level of hydraulic 
gradient at the pumping station. 
Next, the network losses for these 
two extremes were determined. The 
distribution system loss from pump- 
ing station to the tank, the station 
loss, and the storage and suction wa- 
ter levels were then combined and 
expressed in terms of the equivalent 
total dynamic head (TDH) needed 
to overcome them. The resulting 
points have been plotted in Fig. 5, 
together with a pump characteristic 
curve. The arrows indicate the pos- 
sible range of the pump curve within 
which modified values of A and B 
would have to fall. Arbitrarily re- 
vised values A, and B, were taken 
midway on each pump curve range. 
Note that Point A; represents a small- 
er pumping rate than Point A with 
less flow necessarily going to storage, 
and Point B, represents a larger 
pumping rate than Point B with less 
flow from storage. It follows that the 
volume of storage utilized in the mod- 
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Fig. 3. Hourly Demand Distribution on Average and Maximum Days, 1957. Curves A, B, 
and C represent, respectively: average day, maximum day, and a day with 92 per cent of 
demand. 
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ified case would be less than for uni- 
form pumping. 

The next step was to plot the pump- 
ing rates for Points A; and B, on the 
demand curve, as shown in Fig. 6. 
These two first-trial Points A, and 
B, alone are not sufficient to define 
a pumping schedule. The pumping 
curve must be modified so that the 
average pumping rate over 24 hr is 
9.3 mgd, as in the pumping curve 
drawn through Points A, and By. 
Changing the pumping curve requires 
recalculation of the storage curve. 
The revised storage curve should rep- 
resent equal volumes of output and 
input and further adjustment of the 
pumping curve may be necessary—a 
trial-and-error procedure. The re- 
quired equivalent TDH for each hour 
was then determined for the revised 
pumping rates and storage rates 
through system loss calculations. The 
first-trial results have been omitted 
for the sake of clarity. The second- 
trial points A, and Bz and the cor- 
responding pumping schedule were 
obtained by interpolating between the 
first-trial equivalent TDH points and 
the pump characteristic curve, with 
small adjustments to get the pump and 
storage curves in balance. 

The system characteristics for the 
second trial, expressed in terms of 
TDH, are plotted in Fig. 7. Perfect 
balance would have been achieved had 
all 24 points fallen on the pump curve. 
The discrepancies in the second-trial 
are certainly less than the margin of 
error in the basic demand data used 
(for 1960), however, and the second 
trial could be considered balanced 
from a practical viewpoint. 

Points A, and B, for the first trial 
are indicated by arrowheads in Fig. 7 
and demonstrate how close the origi- 
nally assumed range of head was. 
Had the analysis ceased with the esti- 
mated pumping rates for A; and By, 
the only significant error would have 
been an evaluation of the lesser stor- 
age requirement, as is intimated in 
Fig. 6. The difference in storage re- 
quired between the second-trial and 
the initial one is 10 per cent of the 
total usable volume. More important, 
from a hydraulic standpoint, the max- 
imum difference in water level is less 
than 3 ft. This upholds the principle 
employed in the procedure used: stor- 
age adjustments in themselves have 
a very small effect on the pump TDH 
required. 

In Fig. 5 Point B, the maximum- 
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hour value, is closer to the pump 
curve than Point A, the minimum- 
hour value. The major reason that a 
near-balance was achieved in the sec- 
ond trial was this offset; had the 
pump curve been nearer to A, a near- 
balance might have been impossible. 
This critical situation is the result, 
for the most part, of the lopsided dis- 
tribution of the hourly demands and 
pumping rate. In Fig. 3 it can be 
seen that for 65 per cent of the aver- 
age day the hourly demands were 
greater than the 24-hr average. The 
distribution of pumping rates is sim- 
ilar to the demand distribution (Fig. 
6). As a result, the position of the 
pump curve must be about two-thirds 
of the distance between Points A and 
B because about 65 per cent of the 
points represent pumping rates equal 
to or greater than the average of 9.3 
mgd. (See clustering of points in 
Fig. 7 near the maximum hour point, 
Bo.) 

This hourly balance study was 
made possible through the use of the 
McIlroy network analyzer (4). It 
would not have been attempted with- 
out the analyzer because of the tre- 
mendous effort and time which would 
have been required for hand network 
calculations. Actually, the network 
analyses for less than half of the 24 
points for each trial were needed. In 
general, for flow to storage, system 
head loss (station to storage) is a 
function of the ratio of the pumping 
rate to the demand rate. When the 
head loss from the storage site to 
the point of lowest hydraulic gradient 
is a substantial fraction of the head 
loss from the pumping station to the 
lowest point, it has been found for 
these and similar studies that the ratio 
of station-to-storage head loss to the 
rate out of storage is a function of the 
ration of the pumping rate to the de- 
mand rate. System head losses for 
over half of the 24-hour combinations 
were therefore read from plots of the 
above functions developed from the 
network analyses, thereby reducing 
the work substantially. 

In Fig. 8 are plotted the extreme 
values for balanced characteristics for 
the average day, Points As and Bz, 
interpolated from Fig. 7. The heavy 
band on the pump curve is the ap- 
proximate range of values which 
would obtain for 80 per cent of the 
year, utilizing storage. With storage, 
a single pump can often handle a 
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Fig. 4. Initial Condition with Uniform Pumping. 
The peak of the storage curve represents full 
storage. Pumping rate is 9.3 mgd. Points A and 
B represent extremes of TDH needed to meet 
maximum and minimum demands at this pump- 
ing rate. 








major share of the year’s demands. 
For contrast, also shown are the 
equivalent points, A, and B,, for di- 
rect pumping without storage. For 
the latter, as a means of comparison, 
the equivalent TDH were made such 
as to provide the same pressure at 
the point of highest elevation as for 
Points Ag and Bs. The hydraulic 
gradients of these four points are plot- 
ted schematically in Fig. 9. Even 
though the same pressure is compared 
at the point of highest elevation in 
both cases, the point of lowest hy- 
draulic gradient would suffer a much 
larger swing in pressure without stor- 
age. The filtered-water basin water 


100 





90 
80 
70 
60 
50 
40 


Storage 





Storage Remaining — per cent 








1960 Avg Day Rate 


Pumping Rate - mgd 


1960 Avg Day Demand 


Brae sa Se 
4 6 8 10 12 2 4 6 8 10 12 
AM Time of Day PM 
Fig. 6. Balancing of Storage, Pump, and Net- 
work Characteristics, First and Second Trials. 
Storage curves: the solid and dashed curves 
represent the second trial and uniform pump- 
ing, respectively. Pumping curves: the solid and 
dashed curves represent the second and first 
trials, respectively. 
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mands at a uniform pumping rate. At and Bt 
are these points for the first trial. 
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levels are somewhat hypothetical in- 
asmuch as the pumping station is to 
be moved to a nearby location, with 
the exact location and suction source 
still to be determined. 

In Fig. 10 a hypothetical storage 
characteristic curve is drawn for an 
average-demand day of 9.3 mgd. This 
curve was constructed by determining 
the volume between successive as- 
sumed pumping rates and the demand 
curve of Fig .4, using constant pump- 
ing rates of 9.3 mgd and higher. For 
uniform pumping at 9.3 mgd, which 
is the same as the condition in Fig. 4, 
1.10 mil gal of storage (0.118 times 
9.3) is needed theoretically. If the 
entire maximum hour were to be met 
by pumping, the pumping rate would 
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Fig. 7. Pump Characteristic Curve, Second Trial. 
The plotted points represent each of the 24 hr. 
in the second trial (see Fig. 6}—that is, demand, 
storage, and pumping rate. For each combina- 
tion, network losses were determined first, then 
TDH. 
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be 1.33 times 9.3 mgd. The graphs 
presented on near-balanced conditions 
have shown that a constant pumping 
rate for a variable demand was ap- 
proached but not attained. As a re- 
sult, pumping rates both greater and 
less than the average were indicated ; 
less storage would be necessary than 
indicated for uniform pumping. These 
effects are reflected in the position of 
the point plotted in Fig. 10 for the 
conditions of the second, and final, 
balancing trial (Fig. 6). 

The approximate evaluation of stor- 
age volume requirements through as- 
sumed uniform pumping will yield a 
larger caluculated volume for the giv- 
en demand curve than could actually 
be utilized. 

The network for which these sys- 
tem characteristics were determined 
does not represent the final piping ar- 
rangement planned for 1960; it rep- 
resents a possible interim condition 
during rehabilitation of the system and 
was used because the range provided 
by the relatively high system head 
losses leads to a more vivid illustra- 
tion of the balancing procedure. A 
2-mil gal. storage capacity for this 
system is quite marginal and will pro- 
vide only nominal peak demand, out- 
age, and fire flow relief. Too many 
complications would have been in- 
volved in an illustration using maxi- 
mum-day demands with a marginal 
storage capacity, or in using demands 
projected beyond 1960. 
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Fig. 8. Near-Uniform Pumping with Storage and 
Pumping Without Storage. The heavy portion of 
the curve represents the pumping range for 80 
per cent of the year (Fig. 2) with storage. With- 
out storage, the same percentage of the year 
would require a range of 4.8-13.8 mgd. Points 
A* and Bé¢ (without storage) are for the same 
pressure (at highest elevation) as A* and B*. 


Local Grid Design 

In a large city the design capacity 
of arterial mains is generally governed 
by peak consumption rates, whereas 
the design of local grids and very 
small separate service districts is often 
dependent upon fire demands. As a 
concomitant to modern city planning, 
there is an urgent need for a critical 
revaluation of the design criteria for 
local distribution grids in terms of 
present and future factors. Each wa- 
ter main laid normally constitutes a 
fixed component of the distribution 
system of the next 50-100 years. The 
distribution system of most water util- 
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Fig. 9. Hydraulic Gradients With and Without Storage. Although the same pressure is com- 
pared at the point of highest elevation both with and without storage, the point of lowest 
gradient would undergo a larger swing in pressure without storage. 
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ities comprises the largest item of 
cost. 

Good judgment and sound design 
criteria are paramount if adequate and 
satisfactory customer service is to be 
provided at minimum capital outlay. 
Although there are basic kinds of con- 
siderations and general principles of 
good design, local conditions must de- 
termine the approach in each case. 
For instance, in the design of a local 
residential grid the street pattern, 
zoning, saturation population, con- 
sumption rates, fire demands, location 
of arterial supply mains, and hydrau- 
lic characteristics of the arterial sup- 
ply mains at points of input into the 
local grid must be considered. 

In the modern concept of city plan- 
ning, what is considered basic and 
essential to good living conditions, in- 
sofar as the layout of the street sys- 
tem is concerned, is not necessarily 
conducive to the establishment of a 
sound water distribution grid. Mod- 
ern residential street layouts empha- 
size and encourage privacy. Conse- 
quently, through-traffic streets are 
kept to a minimum and streets are 
long and winding with few points of 
intersection. This street pattern com- 
plicates the development of a strong 
hydraulic grid system. 

Figure 11 shows a typical street 
layout for a new Philadelphia residen- 
tial development. The reinforcement 
inherent in a crisscross grid patteri. 
cannot be provided. Note also that 
few points of connection to the main 
arterial supply can be made. Never- 
theless these are typical of the condi- 
tions which may be encountered in the 
newer, planned areas. 

Another feature, designed for pri- 
vacy but objectionable from a water 
distribution viewpoint, is the cul-de- 
sac. Most residential cul-de-sac streets 
can readily be serviced with 2-3-in. 
mains, depending upon the number of 
customers and the length of run, and 
fire service can usually be provided 
from the larger main in the abutting 
access street if the fire hose run is not 
excessively long. On the other hand, 
more long cul-de-sac streets are to be 
expected, perhaps with added fire 
service design handicaps such as 
schools or residential hotels. These 
may often be overcome by using a 
larger main or by obtaining a right 
of way through private property to 
tie the end of the cul-de-sac main 
into the local grid (dead-ended 6-in. 
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Pratt features are now augmented by such new design features as: 
Adjustable seat that can be tightened (or even replaced) without 
removing shaft or disc. Lower seating torque lowers actuator cost 
and provides remarkable ease of operation. The R-2 is completely 
bubble-tight to 150 psi and offers longer operating life than ever 
before possible. Write for complete information. 


NEW Pratt rubber seated Ball Valve 


in 150 and 250 psi ratings. Sizes 10" through 48" 


The famous Henry Pratt Company rubber seating philosophy has 
now been applied to the Ball Valve. This pioneering achievement 
enhances the inherent advantages found in Ball and Cone Valves. 
Just as the disadvantages of metal-to-metal seated gate and 
butterfly valves were eliminated, and the use of rubber seat 
butterfly valves made a waterworks industry standard by the 
original Pratt design, we expect the use of resilient seating in the 
Pratt Ball Valve to add a new perspective to waterworks valving. 


NEW Monoflange Mark -II 


baled 
Ww 


for pressures to 150 psi. Sizes 4" through 20" 


No valve is easier to install or operate. The Monoflange fits con- 
veniently between existing pipe flanges—no gasket is necessary. 
With completely tight shut-off at 150 psi, the Monoflange Mark II 
finds many applications where economy is paramount, but long 
life is necessary. Fully complies with all structural and operator 
requirements of AWWA Specification C504-58 for rubber seat 
butterfly valves with the exception of body configuration. 


A most complete 60 page catalog has been prepared which 
contains all necessary information. Write for Bulletin 10B. 


Nn! -_—— ee HENRY PRATT COMPANY 
) ead BOA BS BEE Creative Engineering ] «319 W. Van Buren Street, Chicago 7, IMinois 
og 9b; Bookie : fe : Representatives in Principal Cities 
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mains used for fire service are sub- 
ject to NBFU deficiency points). 


There are other features of a mod- 
ern residential street layout that could 
be discussed. The prudent water de- 
partment should have a designer sit 
in on the board of review of the city 
planning commission in an advisory 
capacity when the layout of new street 
systems is being discussed. 

The designer can determine much 
about the probable water requirements 
of a new residential development 
through its zoning classification and 
the trends in types of building con- 
struction in his area. These factors 
should enable him to make a fair esti- 
mate of the saturation population of 
the development and arrive at appro- 
priate consumption figures. In addi- 
tion, he should be able to resolve the 
probable fire service requirements on 
the basis of these factors: 

The rising standard of living leads 
directly to the use of additional water- 
consuming devices in homes. There 
is no doubt that the number of dish- 
washers, washing machines, garbage 
disposal units and water-cooled air 
conditioners is increasing each year. 
Wolff (5) recommends that for the 
20-year period between 1955 and 
1975, an annual increase of 2 per cent 
per capita per day be utilized in the 
design of residential water distribu- 
tion systems because of the tremen- 
dous potential for increased utilization 
of water-using equipment in homes. 

There is much in the literature con- 
cerning residential consumption and 
rates which could be used by the de- 
signer either in forecasting or in de- 
sign. The rates reported by Aldrich 
(6) after a survey of approximately 
130 communities in the northeastern 
United States with up to 50 mgd an- 
nual average usage, are very similar 
to those in the Philadelphia high- 
service districts that have been stud- 
ied by the authors. Most water de- 
partments have abundant data perti- 
nent to water use within their own 
systems. Particular attention should 
be given to the peak hour because 
in some predominantly residential 
areas it may be as high as 400-500 
per cent of the average daily demand 
(5). At these large peak rates, fire 
flow demands -will- probably seldom 
govern the design of the local dis- 
tribution system. 

The policies and regulations of a 
water department have an important 
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bearing on the design of a local dis- 
tribution grid. Of what use is a guar- 
antee of a minimum service pressure 
at the curb if regulations permit the 
installation of undersized service lines 
and fittings? A study by Arnold (7) 
on friction losses in service lines and 
fittings points out the need for im- 
proved service facilities and a revision 
in the policies and regulations of wa- 
ter departments if the type of service 
the customer demands is to be at- 
tained at reasonable cost. 

The following data illustrate peak 
hour and fire demand requirements 
using rates anticipated for the year 
1960 in the district under considera- 
tion. 

Requirement 

Item mgd 

Average day 9.3 

Maximum day 13.9 

Maximum hour of maximum day 19.9 

Maximum fire flow 6.0 

Maximum day plus fire flow 19.9 
By sheer coincidence the demand rate 
for maximum hour of the maximum 
day exactly equals the maximum day 
rate plus the maximum fire flow rate. 
If the district were a separate com- 
munity with a high-value district, the 
maximum day rate plus maximum fire 
flow would be 13.9 mgd plus 120 
mgd, or 25.9 mgd. This higher rate 
would then govern the design of the 
arterial mains, at least in the high- 
value district. Regardless of city size, 
the maximum fire flow requirement 
for residential districts is 8.6 mgd. 
Fire flow requirements in other than 
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second trial with 2 mil gal. storage (see Fig. 
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the high-value district are of course 
appraised by the NBFU mostly on 
the basis of structural conditions and 
congestion of buildings. Conversely, 
a heavy peak hour consumption im- 
posed on a local residential grid could 
govern its design instead of fire flow 
demands. 

The effect of fire flow and peak 
hour demands on local grid pressures 
will be illustrated with the results 
from analyses for a new row-house 
development now under construction 
in Philadelphia. Hydraulic character- 
istics were obtained directly through 
use of the water department’s Mcll- 
roy network analyzer. 

At the present time, regulations for 
the installation of new water service 
lines fix % in. as the minimum size 
allowable. The policy with regard to 
service pressure is to provide at least 
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Fig. 11. Street Layout for Residential Development and Summary of Fire Flow Tests Made 
During Delivery of Maximum-Day Demand. Layout: The heavy, light, and broken lines repre- 
sent 16-, 12-, and 8-in. mains, respectively. C values are 130, 110, and 100, respectively. 
Lengths are in feet. Fire Flow tests: Flows of 2,500 gpm were taken at Points A, B, C and D; 
residual pressures at these points were 21, 20, 16, and 15 psi, respectively. Shown also are 
maximum doy demands in millions of gallons per day. 





. 
A western city uses 
12” TYTON JOINT 
pipe for its water 
supply line. 


_> 
Installing 14” TY- 


TON JOINT pipe for 
a sewer force main 
in a southern city. 


CAST IRON PIPE FOR WATER SERVICE 


The practice of using cast iron pipe for water service 
started in Europe around 1455 and around 1820 in this 
country. This practice has continued down through 
the years and it is still the most widely used type of 
pipe for water distribution systems. The most desir- 
able combination of strength and long life has made 
and still makes the use of cast iron pipe the most eco- 
nomical in the long run. Our strategically located 
foundries are well equipped to furnish cast iron pipe 
and fittings in sizes starting at 2-inch for intakes, 
pump stations, filtration plants, supply, feeder and dis- 
tribution mains. 


CAST IRON PIPE FOR SEWERAGE SERVICE 


Cast iron pipe and fittings have a wide application in 
the sewerage field. They have three outstanding prop- 
erties: 1. tight pressure type joints that prevent infil- 
tration, 2. beam strength, compressive strength and 
bursting strength to withstand severe installation con- 
ditions, 3. long life and resultant low amortization 
charges that have been proven by years of satisfactory 
service. 

Cast iron pipe and fittings in sizes 2-inch and up can 
be furnished for flow lines, pressure mains, siphons, 
stream crossings, outfalls, pumping stations and treat- 
ment plants. 


U. S. TYTON JOINT PIPE 


Tyton Joint® cast iron pipe is provided with a simple, sturdy and 
tight slip-on type joint. The joint has only one accessory—a circular 


rubber gasket which is modified bulb shape in cross section. The 
joint on Tyton Joint pipe is easily made up by placing the gasket in 
the socket and then lubricating the inside surface of the gasket. The 
entering spigot is pushed past the gasket until it makes contact with 
the base of the socket compressing the gasket between the outer sur- 
face of the spigot and the gasket seat of the socket. The result is a 
joint that will remain tight at pressures in excess of test pressures 
required by pipe specifications. 


TYPES OF PIPE AVAILABLE 


Our cast iron pipe centrifugally cast in metal molds 
is manufactured in accordance with American Stand- 
ard Specifications A21.6 (AWWA C106), Federal 
Specifications WW-P-360a and WW-P-421a. Pit cast 
pipe is made to conform to American Standard Specifi- 
cations A21.2 (AWWA C102). 

Fittings (bell-and-spigot) can be furnished in accord- 
ance with American Standard Specifications A21.10 
(AWWA C110) for the short body type 3-inch to 12- 
inch, also AWWA Specifications C100 for the long 
body type 3-inch to 60-inch. 


Fittings (flanged) are made to conform to American 


U.S. 


cast iron 


PIPE 


Baltimore Birmingham 


New York Orlando, Fic. 


Boston 
Cleveland Dallas Denver Detroit Houston 
Pittsburgh 


Standard Specifications Class 125 (B16.1) and Class 
250 (B16b) or long-body A.W.W.A. type. 


Mechanical joint for cast iron pipe and fittings is 
made in accordance with American Standard Specifi- 
cations A21.11 (AWWA Cl111). Pipe and fittings 
can be furnished with cement lining in accordance 
with American Standard Specifications A21.4 (AWWA 
C104) or manufacturer’s standard. 


Tyton Joint pipe, flexible joint pipe, flanged pipe and 
plain end pipe are made to standard or manufacturer’s 
specifications, whichever are applicable. 


UNITED STATES PIPE AND FOUNDRY CO. 
General Office: Birmingham 2, Alabama 


SALES OFFICES 


Burlington,N. J. Champaign, Ill. 
Kansas City, Mo. 


Portiand, Ore. 


Chicago Cincinnati 
Los Angeles Minneapolis 
Seattie 


San Francisco Syracuse 
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Fig. 12. Hydraulic Characteristics of Grid Under Estimated Peak-Hour Conditions. All flows are 


in millions of gallons per day. 


30 psi at the curb during the peak 
hour rate. The minimum residual 
pressure prescribed by the NBFU for 
Philadelphia, when the required fire 
flow is being drawn, is 10 psi. 

The rates used for the residential 
grid study are as shown below. 

Percentage 
Rate of Average 
gpcd Annual Rate 
125 100 
177 142 

250 200 
From the zoning of the area, an esti- 
mate of 1,640 dwelling units was 
made. City planning statistics aided 
in determining the probable satura- 
tion population of 6,600 persons or 
aproximately four per dwelling unit. 
A fire flow requirement of 2,500 gpm 
was predicted on the basis of zoning 
and by comparison with established 
fire grading for similar areas in Phil- 
adelphia. 

The layout of this sector is given in 
Fig. 11, and the pipe sizes shown are 
the final design sizes. All cul-de-sac 
streets were omitted from the draw- 
ing for simplicity. Philadelphia’s pol- 
icy fixes 8 in. as the minimum main 
size in any new development; this is 
in accord with the policy trend in 
many large cities today (8). A Ha- 
zen-Williams C value of 110 for a 
12-in. main may appear to be high, 
but most tests of 12-in. cement-lined 
pipe throughout the system indicate 
C values well above 110. 

Figure 12 gives the hydraulic char- 
acteristics of the final grid under esti- 


Item 
Average annual 


Maximum day 
Peak hour 
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mated peak-hour conditions. Indi- 
cated are the loads, flows, head losses, 
and the pressures at critical points in 
the grid. The arterial pressures of 41 
psi and 37 psi and the inflow of 3.45 
mgd shown for the 16-in. main were 
determined previously in separate an- 
alyzer studies of the arterial supply 
system. The initial grid, which was 
composed entirely of 8-in. mains, 
proved to be inadequate. Secondary, 
12-in. feeder mains were then substi- 
tuted for some of the 8-in. mains until 
the most economical arrangement was 
obtained while just satisfying the basic 
design criteria of a minimum of 30 
psi. For this study condition, the 
pipes were considered to be large 
enough to preclude excessive pres- 
sure drops and serious water hammer 
effects. 

The separate arterial supply main 
study also furnished the necessary hy- 
draulic data at the input points when 
the required local fire flow was being 
delivered simultaneously with the 
maximum-day demand in the entire 
service district. Figure 11 summarizes 
the results of some of the fire flow 
tests that were made. The final distri- 
bution grid was found to be adequate ; 
any decrease in pipe size resulted in 
fire flow deficiencies. As previously 
noted, with the final piping layout, 
the peak hour demands were met with 
marginally satisfactory service pres- 
sures. Hence, for this grid, both the 
fire and peak hour demand conditions 
could be regarded as pipe size cri- 


teria. Had the estimated peak hour 
demands been larger, the fire demand 
would not have had any significant 
influence on the design. 

With the analyzer, a very thorough 
study resulting in the most economical 
design was made possible in a fraction 
of the time that would have been re- 
quired for appraisals by conventional 
methods. In addition, the designer 
was able to evaluate the entire grid 
and check the effects of changes 
throughout the grid pattern. He could 
determine with certainty whether or 
not fire flows would create negative 
pressures in sectors other than the 
fire test test area; this is not particu- 
larly apparent when using the method 
of sections or the circle method. Until 
one has used computers or analyzers 
in network design it may be difficult 
to appreciate the economies which 
they afford. Therefore, any revalua- 
tion of design criteria should be aug- 
mented by a review of design tech- 
niques and design tools. 


Conclusion 

The possible strategic importance 
of the “average day rate” pump in a 
system with equalizing storage has 
been made evident. The contribution 
of detailed analyses of hour-by-hour 
and day-by-day demand rates to de- 
sign has been emphasized. 

A demonstration of balanced stor 
age and demand and pumping rates 
has been shown to be closely approx- 
imated by an_ initially estimated 
pump characteristic range. For near 
achievement of balance, however, 
there is need for a pump characteris- 
tic which has the inherent capacity of 
balancing with the given system and 
storage characteristics. The tech- 
nique used to approach balanced 
characteristics was based on the fact 
that the storage water levels for dif- 
ferent trials for a given hour usually 
fall within a very small range of ele- 
vation, despite considerable modifi- 
cation of the pumping schedule from 
trial to trial. 

Storage volumes derived under the 
simplifying assumption of constant 
pumping rates have been shown to be 
somewhat greater than the require- 
ments for the actual case of near- 
uniform pumping, when the pump ca- 
pacity range is not small. 

Recent developments in city plan- 
ning procedure and water supply prac- 
tice require a thorough revaluation of 
criteria for local grid design. 
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ADVANCED 
AS 
TOMORROW... 


ME We 

SMITH 

MODEL H100 

OVIUAINT, neice ichaes 


product line. No other hydrant has ALL these features: 


1. 
2. 


OPERATING NUT: weatherproof and tamperproof. 


OPERATING MECHANISM: sealed with “O” Rings, op- 
erating threads and bearing surfaces permanently 
lubricated. 


. TRAVEL STOP NUT: prevents bending rod if operating 


torque is excessive. 


. MAXIMUM DELIVERY: streamlined openings and large 


standpipe area reduce friction to minimum. 


. SAFETY CONSTRUCTION: if struck forceably, rod coup- 


ling and the frangible bolts break cleanly preventing 
standpipe damage. Groundline flanges permit rotat- 
ing nozzles to desired position. 


. POSITIVE DRAINAGE: corrosion-proof multiport drain 


mechanism operates automatically. Drain ports mo- 
mentarily flushed each time hydrant is operated. 


. VALVE ASSEMBLY: bronze-to-bronze thread engage- 


ment and self-sealing “O” Ring Valve construction 
permits easy removal of internal parts through stand- 
pipe using compact lightweight wrench. 
COMPRESSION VALVE: closes with the pressure — 
flooding cannot occur under impact. 


These and many other important operating and mainten- 
ance features are detailed in Bulletin H100 — available 
on request. 


NEW JERSEY 
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Network calculations can now be 
performed with reasonable exactitude 
by means of computers or analyzers ; 
there remains little valid excuse for 
perfunctory local grid design or the 
continued use of outmoded shortcuts. 
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A fast, economical solution 
to pipe cleaning problems: 


PLANALYZED 
CONTRACT 


CLEANING 


ri 


Nationwide 


Don’t put up with the 
dangers and 
inconvenience of clogged 
sewers .. . or water pipe 
corrosion problems. 

American Pipe Cleaning 
Company, with over 25 years’ 
experience, can clean, restore and 
maintain pipes at full capacity for 
pennies a foot. 

Every Planalyzed Contract 
Cleaning job starts with a free 
survey of existing conditions, 
followed by an analysis of problems 
in the troubled area, after which a 
plan is presented to city officials. 
The cost of the job is known before 
work begins. 

APCO’s specialized crews are on 
the job when needed, completing 
the work in record time. The city is 
not burdened with costly additional 
labor; its maintenance force is free 
to carry on regular work. APCO 
crews are required to meet strict 
schedules, conform to rigid 
specifications and follow safety 
regulations. The actual work and 
finished job are inspected by APCO 
staff supervisors and city officials— 
all work is guaranteed. 

APCO’s extensive range of 
powerful, modern equipment saves 
time and money because the right 
equipment is used for each job... 
cutting costs without cutting 
corners! The city saves investing in 
new equipment which is costly to 
maintain and soon becomes 
obsolete. 

APCO has the experience, 
personnel and equipment to solve 
any sewer or water pipe cleaning 
problem, saving time and money in 
every phase of the job. Write for 
further information. 


1819 Nicollet Avenue + Minneapolis, Minnesota -FE 6-6641 


Also exclusive Upper Midwest distributor of OK CHAMPION sewer cleaning equipment 
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If you buy waterlines for Western cities... 


SOUTHERN PIPE 


IS THE ONLY WEST COAST MANUFACTURER 
OFFERING STEELCOR PACKAGED WATERLINES 
TO SAVE YOU MONEY: 


e Pipe produced to your most exacting specifications. 
e From steel coil in the Southern Pipe mill. | 

e Cut precisely with no random lengths. 

e Lined and coated in the Southern Pipe plant. 

e Warehoused if necessary until you need it. 

e Delivered to your trenchsite ready for placing. 


Southern Pipe STEELCOR products are available for every water- 
line requirement, including such types of steel water pipe as: 


STEELCOR CEMCOTE— cement mortar lined and coated steel water pipe 


STEELCOR WRAPCOTE —Cement mortar lined and asphalt wrapped steel water pipe 
STEELCOR TARCOTE —Cement mortar lined and coal-tar wrapped steel water pipe 


Plus these other municipal water products and services: 


Complete engineering service...steel pipe in a variety of sizes... 

complete processing, including cement lining and coating, asphalt dipping and 
wrapping, coal-tar lining and coating...wide range of joints and fittings... 
corrugated metal culvert pipe...well casing... piling...etc. 


No other Western Pipe producer offers this complete PACKAGED WATERLINE service 


Southern Pipe 


DIVISION OF U.S. INDUSTRIES, INC. 

HOME OFFICE: Arrow Highway at Irwindale Ave. 

P.O. Box C, Azusa, California »« CUmberland 3-7111, EDgewood 7-1221 
HAWAIIAN DIVISION: Lot 601 Campbell Estate 

Barbers Point, Honolulu, Hawaii « P.O. Box 1323, Honolulu - Phone 285757 


SP-11-60 © 1960—U. S. Industries, Inc., Azusa, Calif. 
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Problems of Service Extensions to 


Fringe Areas 


(Joint Discussion) 


Municipally Owned Utilities 
by WILLIAM R. SEEGER 


Gen. Mgr. & Chief Engr., Marin Municipal Water District, San 


he problems of municipally owned 

utilities in service extensions to 
fringe areas are to some extent differ- 
ent from those of privately owned 
utilities. One reason for this differ- 
ence in California is that independent 
companies are somewhat limited in 
their actions and policy determina- 
tions by the rules and regulations set 
forth by the State Public Utilities 
Commission, whereas municipally 
owned systems operate in accordance 
with the rules and regulations of the 
local governing bodies. 

Providing water service to fringe 
areas presents a real administrative 
problem in municipalities because they 
become involved not only in basic in- 
tract main extensions but also in an 
off-tract problem. Any policy that 
tends to increase the cost of develop- 
ment is certain to be attacked by the 
local chamber of commerce and by 
real estate brokers. On the other 
hand, if the cost of bringing in a new 
water supply for the primary purpose 
of serving a fringe area is charged 
against the general operating costs, 
an increase in rates eventually may 
be required—at which time consum- 
ers may object to paying higher rates 
in order to serve these fringe areas. 
The problem of providing service to 
fringe areas, then, becomes one of 
who or what group should pay the 
expense and cost of developing fringe 
areas. As far as the operation of mu- 
nicipal systems is concerned, it is the 
responsibility of each of the governing 
hodies to set a policy that will be in 
conformity with the overall economy 
of the area they serve. 

The first decision that must be 
made in reviewing the problem of 


*Reprinted from Jour. AWWA, Vol. 51, 
pages 345-353, by permission. 


serving water to fringe areas is what 
is meant by “fringe area.” The exact 
definition of such a term will un- 
doubtedly vary with the system to 
which it is applied, but, as an over- 
all guide, a fringe area can be con- 
sidered as that area lying within the 
city limits or district boundaries, as 
the case may be, which is outside or 
beyond the built-up area that is pres- 
ently served or capable of being served 
from the existing distribution system. 


Responsibility of Utility 

The basic purpose of establishing a 
water utility, either privately or mu- 
nicipally owned, is to provide a means 
of furnishing water to a specific area. 
Generally speaking, it is the responsi- 
bility of the utility to develop a suffi- 
cient and adequate water supply to 
serve the needs of its entire service 
area. It is not necessary that the com- 
plete system be built at one time; it 
can be constructed in accordance with 
the needs of the community. The sec- 
ond responsibility of the utility to the 
community is to transmit the water 
from its source to the general areas of 
use. From this point on it usually is 
for the individual applicant or devel- 
oper to assume responsibility for the 
installation of distribution mains from 
the point of terminal storage to vari- 
ous areas being developed. 

Although a municipality probably 
cannot refuse an application for serv- 
ice within its service area, the courts 
have held that it is within the power 
of the municipality to set the particu- 
lar rules and regulations under which 
service will be given. The only re- 
quirement is that the rules and regula- 
tions be uniform throughout the area, 
and secondly, that they be reasonable. 

Of special importance in considera- 
tions of the problem of service to 


Rafael, Calif. 


fringe areas is the apparent legal ob- 
ligation of a municipality to assume 
full responsibility for maintaining 
service to an area once service has 
been initially provided. It is of par- 
ticular importance that new lines in- 
stalled in fringe areas be large enough 
to meet future demands. 


Typical Problem 

According to the definition of a 
fringe area given above, it will be 
realized that existing distribution 
mains in a fringe area are of necessity 
operating at maximum capacity and 
consequently cannot be extended with- 
out a reduction in service to the 
built-up area. Therefore, any service 
to a fringe area will require the in- 
stallation of a new off-tract transmis- 
sion line, extending from the nearest 
point of adequate supply to the fringe 
area in question. This, then, is the 
first major problem in furnishing a 
supply to a fringe area. 

The first step is to convince the de- 
veloper of the property that it is his 
responsibility to pay the cost of install- 
ing an off-tract transmission line. 
This problem, of course, can be elimi- 
nated if the utility agrees to pay the 
cost of any off-tract installation, but 
with such an agreement another more 
serious problem is unquestionably cre- 
ated—that is, to convince a city coun- 
cil or board of directors that the cost 
of off-tract installation should be paid 
for by the municipality. 

If the policy of the municipality is 
such that the applicant is required to 
pay the full cost of installing the neces- 
sary off-tract line, the only direct re- 
sponsibility that the developer has is 
to provide a transmission line of suffi- 
cient diameter to transmit an adequate 
supply for his development from the 
point of nearest supply to his tract. 
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NEPTUNE METER COMPANY 


LIQUID METER DIVISION, 47-25 34th St., Long Island City 1, N. Y. 


Atlanta 18, Ga. 
.2C0 Permalume Pi., N.W. 
Mass 250 Stuart St. 


pear 5. 5 one. 7 Forest St. 
Long J, - Y. 


DISTRICT OFFICES 


No. Kansas C 
Ave. acendieniaine 


i 





6, " 
Chicago 24, Ill. ..4048 W. Taylor St. 
Dallas 7, Tex. ..........-. 315 Cole St. 


Les Angeles nt 


40 £. Harbor St. 


Louisville 17, Ky., 320 Eastern 

ity 16, Mo. 

de sscccccescoreede W. 18th SF. recmeeoeey 

ee Area «101 Rollins ee 
7 Bala Ave., Bala-Cynwyd, Pa. 


In Canada: NEPTUNE METERS, LTD. Main Office and Factory: 1430 LAKESHORE ROAD, TORONTO 14, ONTARIO 
Offices: Calgary, Halifax, Montreal, Vancouver, Winnipeg. 


TRIDENT WATER METERS 


For over 60 years, more Trident 
meters have been purchased than 
any other make. Most of these .. . 
even the oldest ... are still running 
accurately. This long serviceable 
life means lower amortization, ob- 
solescence and replacement costs. 

Trident meters have long led the 
field in design improvements, and 
today are the finest, most modern 
meters available. Every improve- 
ment has been made to fit all older 
Tridents. This is one of Trident’s 
biggest advantages. 

A planned schedule of testing 


. . . Job Tested 
15 Million Times 


and repair with Trident meters 
gives you a continuous program of 
meter modernization ... at far less 
cost than scrap-and-replace meth- 
ods. Repairs take less time, too, 
aided by Trident’s extreme sim- 
plicity. A moderate stock of only 
the latest parts services all your 
Tridents. You waste no time 
searching or waiting for parts for 
old meters. Trident parts ere 
always available. Your repair men 
have no obsolete models to learn. 
If they can repair one Trident, they 
can repair all .. . efficiently, eco- 
nomically. 


TRIDENT METERS FOR DOMESTIC SERVICES 
IN COLD OR WARM CLIMATES 


Trident meters combine fine-instru- 
ment construction with the inherent high 
accuracy achieved only in disc-type, posi- 
tive displacement water meters. Accurate 


Trident Frost-Proof Meters 


*Del. 

Base to U.S. 

Wt. Lgth. Wdth. Ht. Center Gal. 
Lbs. In’s In’s In’s of Pipe Min. 


10% 7% 
1% 

9 
27 10% 
1x1%27 10% 
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at all rates of flow within normal test flow 
limits and remarkably sensitive to small 
flows. 

Trident Frost-Proof Meter embodies 
the original frost-proof meter feature. If 
the water freezes and expands, the cast 
iron bottom cap breaks, relieving the 
working parts from strain. The bottom 
cap can be replaced at very nominal cost. 
For warm climates, the Trident Split- 
Case Meter is recommended. 

Among exclusive features for long 
accurate life are: Gear train is fully oil- 
enclosed, including the stuffing box, to 
isolate vital parts from abrasives, turbu- 
lence, corrosive elements, and to provide 
permanent lubrication. Anti-friction 
thrust roller absorbs disc thrust, making 
the Trident virtually immune to disc 
breakage. Heat-proof, hard rubber bush- 
ings in gear train and register are inter- 
changeable. Sand ring keeps abrasive ma- 
terial out of working parts. Materials are 
corrosion-resistant, with special materials 
for unusual corrosion problems. 


Easy to service and repair . . . makes 
big savings in meter costs over the years. 
Register has no screws. Chamber is snap- 
joint. Disc is in three parts, easy to adjust. 
Guide pins, slots, etc., assist in assembling 
meter properly. 


Trident Split-Case Meters 
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STYLE 3 TRIDENTS FOR MEDIUM RATES OF FLOW 


A disc-piston meter for commercial and 
other installations requiring medium rates 
of flow larger than household consump- 
tion, but not great volumes. Also excellent 
for “battery” settings where preferred for 
metering wide flow ranges. In addition to 
sensitivity on low flows inherent in disc 
meters, it has the Trident oil-enclosed 
gear train, heat-proof removable bushings 
in register and gear train, interchangeable 
parts and other Trident features which 
give it sustained accuracy and low main- 
tenance cost. On 144” and 2” sizes, a 
“delivery adjustment” can be regulated in 
relation to line pressure to prevent racing. 


These two sizes of Style 3 Meters do the 
work of any compound meter of equiva- 
lent size and, being simpler, they do it 
with less cost for maintenance and repair. 


Trident Style 3 Meters 
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Base to U.S. 

Size Wt. Lgth. Wdth. Ht. Center Gal. 
In’s Lbs. In’s In’s of Pipe Min. 


1% Ser. 36 10 10 54 100 
1% Fige. 40 10 10 2 100 
2 Ser. 12% 11 Hi 160 
2 Fige. 12 11 3 160 
3 6 Fige. 16 17% 3 300 
4 Fige. 227, 20% 4 500 
6 Fige. 29 25% 5% 1000 











CREST METERS FOR BULK WATER DELIVERIES 


For “bulk” water deliveries at periodic 
or continuous high rates of flow—i.e., 
where mains deliver water to adjacent 
townships; hydraulic elevators, cranes, 
pile-jetting apparatus, etc., the Crest 
Meter is recommended. Of the velocity 
type, a turbine is rotated by the water at 
a speed directly proportional to rate of 
flow. Among features is the hollow hard- 
rubber turbine revolving on agate bearing, 
resulting in minimum friction, maximum 
sensitivity, sustained accuracy. Standard 
Trident register and gear train features. 
All parts interchangeable. 


Trident Crest Meters 
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Base to U.S. 

Size , . Wdth. Ht. Center Gal. 
In’s Lbs. ) In’s In’s of Pipe Min. 


1% Ser. 6% 100 
1% Fige. ‘ 6h 100 
Ser. 6% 160 
Fige. 6% 160 
Fige. 13% 350 
Fige. 13% 600 
Fige. 14% 1400 
Fige. 15% 2500 
Fige. 26% 13% 3800 
Fige. 16% 5800 
Fige. 1950 86% 19% 11500 








*Am. Wt. Wks. Asso. & New Eng. Wt. Wks. 
Asso. Std. Specifications 





COMPOUND 


Use this Compound Meter for services 
with a maximum demand beyond the 
range of equivalent disc meters—yet with 
the probability of occasional small rates 
of flow. Accurate over a wide working 
range. Measures high rates of flow through 
a Trident Crest Meter unit and small 
flows, which cannot be recorded accu- 
rately by the Crest, through a Trident 
Disc Meter unit. In addition to the stand- 
ard Trident features of both these meters, 
a specially constructed valve automati- 


cally directs the water to the proper unit, 
depending on rate of flow. Single cast iron 
casing. All parts interchangeable. 


Trident Compound Meters 
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. Lgth. Wdth. Ht. Center Gal. 
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METERS FOR WIDE WORKING RANGES 





PROTECTUS 


Designed for fire line use where both 
high and low flows occur, and loss of head 
is an important factor. Meets such re- 
quirements with (a) accuracy on all flows 
and (b) low loss of head plus reliability 
of operation, satisfying both Water Works 
officials and Underwriters. Measures low 
flows through a Trident Disc Meter unit. 
Large flows are measured proportionally 
by a Trident Crest unit. Water-way is 
clear, unobstructed. Both units have 
standard Trident features which insure 
accuracy, long life and low maintenance 
cost, 


Trident Protectus Meters 





In’s Base to 
Wt. Incl. Wdth. Ht. Center 
Lbs. Incr. In’s In’s of Pipe 


*Del. 





700 64% 21 8 

900 67 24 8 
1600 83% 27% 10 
2250 89 30 11% 

10 3400 98 38% 37 14% 





*Am. Wt. Wks. Asso. & New Eng. Wt. 
Asso. Std. Specifications 
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METERS FOR FIRE SERVICE LINES 
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Unless the area under development 
extends all the way from the existing 
built-up area to the service area 
boundary, consideration must be giv- 
en to the size of any new installation. 
This is necessary because the line 
must be of adequate size to serve the 
entire fringe area, even though the re- 
maining property is under different 
ownership. This is one example of 
the important role that planning plays 
in the development of an overall water 
system. Proper attention to planning 
will go a long way in eliminating the 
fringe area problem. 

If the proposed development lies 
directly adjacent to the developed 
area, the utility will be faced with the 
problem of installing a larger line to 
provide for future development be- 
yond the present new extension, and 
if the new development lies beyond 
the present service area the line 
should provide enough capacity to 
serve the intervening area. If the de- 
veloper is asked to pay for the larger 
pipe, he will immediately object that 
he is paying for supplying someone 
else’s property—which, of course, is 
true. But, on the other hand, it is 
doubtful that a municipality could pay 
.outright for the increased cost for a 
larger line, because real estate devel- 
opment, particularly in fringe areas, 
is considered a risk. For a munici- 
pality to pay money toward such a 
system would in effect be using pub- 
lic funds to install a line that might 
never return enough revenue to repay 
the investment. The utility is there- 
fore at an impasse. The developer 
does not want to put up money to 
provide water to someone else’s prop- 
erty and the city should not risk mon- 
ey on the venture. 


Solutions 


There are many methods of work- 
ing out a solution, but it appears basi- 
cally equitable that the initial devel- 
oper should pay the full cost of a line 
sized adequately to serve the entire 
area opened up by the initial develop- 
ment; conversely, the developer 
should be able to obtain a refund to 
be applied toward the extra money 
paid by him for the larger line if the 
area develops and produces additional 
revenue in the future. This can be 
done in any one of three ways: 


1. A special refund program can be 
devised whereby a percentage of the 
revenues derived from the develop- 
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er’s tract can be refunded over a pe- 
riod of years to repay the added cost 
of the larger line. 

2. A special-assessment district can 
be organized whereby each parcel of 
property being served is assessed ac- 
cording to the benefit it derives. The 
assessed amount is paid to the initial 
developer at such time as the land is 
developed and the line is used to serve 
water to the parcels in question. 

3. A special service connection 
charge can be determined which is 
payable at such time as the property 
requests service. This special connec- 
tion charge is then paid to the initial 
developer to apply against his initial 
cost of installation. 

Programs like those outlined above 
provide for the risk taken by the origi- 
nal applicant but make it possible for 
him to receive refunds to offset his 
initial capital expenditure for the larg- 
er line if and when the intervening 
area develops. The developer, of 
course, usually objects to the heavy 
cost burden placed on him. This is 
understandable, but he usually fails to 
consider the ‘internal problems that 
the development of fringe areas cre- 
ates, such as the necessity for addi- 
tional water supplies to meet the in- 
creased demand, the necessity for 
larger transmission lines from the 


source of supply to terminal storage 
tanks, the required increase in ter- 
minal storage, and, in some instances, 
increased pumping capacity. In dis- 
cussions on the cost of serving fringe 
areas, the developer usually argues 
that fringe areas bring more revenue 
to the utility, but actual experience 
has shown that, because of today’s 
larger lots, the revenue per lineal foot 
of main is lower in fringe areas than 
on older, built-up systems, and the 
longer pipelines required to serve 
these large lots result in increased 
maintenance problems and_ costs. 
What this means, therefore, is that 
in fringe areas there are a reduction 
in the unit revenue received and an 
increase in maintenance costs. 


Conclusion 


This discussion has reviewed just 
one example of the problems that 
arise in the development of fringe 
areas. There are, of course, many 
other considerations, but the fringe 
area problem is usually related to eco- 
nomics and administration more than 
to engineering. Only through full and 
complete cooperation of the planner, 
accountant, and engineer, can a water 
utility hope to deal successfully with 
the fringe area problem. 


Privately Owned Utilities 
by PHILIP F. WALSH 


Vice-Pres., Sothern California Water Co., Los Angeles, Calif. 


Solving problems of water main ex- 
tensions to fringe areas is one of the 
more important problems of water 
utility management today. Most of 
the solutions that have been found up 
to this time have usually been satis- 
factory neither to the utility, nor the 
developer, nor the public, nor the reg- 
ulatory body. Much has been said and 
written about fringe area service in 
recent years. The avid interest shown 
by members of the water supply in- 
dustry, whenever and wherever they 
gather, gives proof that the problems 
involved merit the careful considera- 
tion of water utility management. This 
discussion will be directed toward the 
problems of extensions to fringe areas 
by privately owned, state-regulated 
water utilities. 

California is in an era of tremen- 
dous growth, both in housing and in- 


dustry—an era of annexations to 
existing cities and incorporations of 
new cities. Urban boundary lines are 
being extended into areas that at one 
time were never considered suscepti- 
ble to development. These annexa- 
tions and incorporations are usually 
made with little regard to the eco- 
nomic and physical problems involved 
in rendering water service. Much 
subdividing has occurred in areas en- 
tirely divorced from improved areas. 
This is often the case where subdi- 
viders are able to purchase cheap 
land. Often this so-called cheap land 
is marginal, but great pressure is 
nevertheless brought to bear on the 
local water utility to provide domestic 
water service, as an inducement to 
prospective purchasers of real estate. 
Many large tract developments were 
never considered a part of the utility’s 
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GOLDEN-ANDERSON VALVE SPECIALTY COMPANY 
1232 Ridge Avenue, Pittsburgh 33, Pa. 


Cushioned Automatic Water Control Valves + Sizes 3” to 36” for pressures to 250 psi 
Angle or globe body patterns 


CUSHIONED CHECK VALVES 


- 


Swing Check Valve 


Electric Check Valve 
Opens only when pump 


Cushion chamber on 
side of body cushions 
only on last 5% of 
stroke, prevents any 
hammer or shock when 
closing. 

Bulletin W-1 


we 
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comes up to speed, 
closes automatically 
with pump running 
and shuts down pump 
when 95% closed. 


Bulletin W-10 
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Per Valve 


Maintains water 
level in elevated 
tanks within a 
variation of 3” to 
12”. May be in- 
stalled under- 
ground. 


Bulletin W-4A 
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Cold Water Fleat Valves 


Self-contained 
float maintains 
water level in 
tanks and reser- 
voirs within 4” 
to 1” variation. 


Bulletin W-5 


Maintains liquid 
level control in 
open tanks, coag- 
ulating bins, etc. 
For high pressure 
service. 


Bulletin W-5 


SENSITIVE PRESSURE REGULATORS 


Surge Relief Valve 
Protects water lines 
against excessive press- 
ures caused by surges 
in the system. Fast 
opening—slow closing. 

Bulletin W-2 
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Water Pressure 
Reducing Valve 
Maintains uniform 
predetermined deliv- 
ery pressure regardless 
of variance in up- 

stream pressure. 


Bulletin W-3A 


Solenoid Valve 
Used where remote 
control operation or 
operation by electrical 
impulse is desired. Ad- 
justable opening and 
closing speeds. 

Bulletin W-7A 


Flowtrel Valve 
Easily operated by one 
man regardless of pres- 
sure or size of line. 
Used to replace hard- 
to-open gate or plug 
valves. 

Bulletin W-8A 

- 


GOLDEN-ANDERSON VALVE SPECIALTY COMPANY 254 Ridge Avenue, Pittsburgh 33, Pa. 


Descriptive bulleti bered under each valve illustrated above—contain complete technical information. Write for your copies. 
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service area in the initial design of the 
water system, and the subdivider who 
acquires and develops this land does 
so for only one purpose—to make a 
profit. It is certainly a question wheth- 
er the water utility or its customers 
should, in effect, partially subsidize 
such development by providing water 
service at less than actual cost. 


Utility Obligations 

Unlike other businesses that serve 
the public, the utility has little or no 
choice in picking new customers. The 
privately owned water utility has an 
obligation to render service, usually 
provided for in its main extension 
rules and regulations, within its cer- 
tificated area and contiguous areas. 
There are those who argue that a util- 
ity is a monopoly, that it therefore 
has a moral obligation to extend its 
service to fringe areas, regardless of 
the conditions, either physical or eco- 
nomic. On the surface this appears to 
be a valid argument. In many fringe 
area developments, the physical bur- 
dens placed on the utility are obvious, 
and the economic problems are less 
obvious. The utility management 
must never lose sight of its obliga- 
tion to its owners, the stockholders 
who furnish the capital, or to its pres- 
ent rate payers, whose rates are af- 
fected by the utility’s investment in 
new facilities. These serious obliga- 
tions make it incumbent on manage- 
ment to extend service only on a 
sound financial basis. 

In a recent article (1), Jerome W. 
Milliman aptly pointed out: “Al- 
though it is often argued that: ‘It is 
wrong to waste a single drop of our 
precious water,’ the real waste, in a 
meaningful sense, occurs when the 
costs of providing water (or any oth- 
er product) are greater than the re- 
turns from doing so.” This is the root 
of the problem. 

The ability of a particular plant to 
render service to a new area must 
always be considered, of course, but 
any responsible, qualified water sup- 
ply engineer can design the required 
facilities to serve any fringe area from 
existing facilities by increasing the 
supply, the pumping and storage ca- 
pacities, and the length, size, and num- 
ber of transmission mains. The ulti- 
mate and basic question is who will 
pay, and how much. The problems 
of fringe area service are in the realm 
of economics not engineering. 

Since the latter part of 1954, all of 
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the privately owned water utilities in 
California have extended their serv- 
ices as provided for in a mandatory 
extension rule. It is not intended here 
to discuss the merits of this exten- 
sion rule, but rather to point out some 
of the problems involved in exten- 
sions to fringe areas under its pro- 
visions. 

Because the extension rule is man- 
datory for a privately owned water 
utility, there is less freedom of action 
in service to fringe areas than for the 
publicly owned utility. Because of 
the monopolistic character of all util- 
ities, freedom from regulation appears 
to be dangerous. The public is en- 
titled to regulation of utilities, al- 
though service to fringe areas by 
privately-owned utilities that operate 
under mandatory extension rules can 
sometimes have disastrous economic 
results. 


Financing of Developments 

All water systems are originally de- 
signed to serve a certain maximum 
number of customers. The tremen- 
dous population growth in California 
in the postwar years has taxed the 
ability of water facilities to serve the 
increasing number of fringe areas. 
Water supply has had to be increased, 
additional storage, booster facilities, 
and transmission mains have had to 
be built to insure adequate service to 
fringe areas. These facilities have 
been built with little, if any, financial 
help from the fringe area developers. 
The privately owned water utilities 
have, through their own ingenuity and 
resourcefulnesss, supplied the neces- 
sary new capital. Because only a small 
part of this new capital can be fur- 
nished from earnings and deprecia- 
tion, there has been a constant quest 
for new sources of money for the 
privately-owned utility. 

The larger, well established pri- 
vately-owned utilities, which have 
long earnings and dividend records, 
have had little difficulty in raising 
this money through debt financing 
or sale of equity securities. The 
smaller utility, however, with an ade- 
quate coverage, little or no dividend 
history, and insufficient bondable cap- 
ital, continues to have great difficulty 
in raising capital. 

Most of the insurance companies, 
which have provided a large portion 
of the bond money borrowed by 
smaller utilities to finance capital ad- 
diticns, do not look with favor on a 


long-term loan of less than $150,000. 
Short-term, bank financing at high in- 
terest rates usually is so prohibitive 
in cost that it offers little help. Loans 
from individuals are almost nonexist- 
ent. In addition, equity financing is 
practically impossible in today’s com- 
petitive money markets when there 
is a lack of dividend history. 

A considerable measure of relief 
was granted the privately owned wa- 
ter utilities by the new main extension 
rule which allowed a utility to include 
in the advance for construction not 
only the reasonable estimated cost of 
distribution mains, but also the rea- 
sonable estimated cost of service con- 
nections and fire hydrants. In addi- 
tion, the refund requirement was re- 
auced from 35 per cent of the gross 
revenues to 22 per cent annually, and 
the term of refund was extended from 
10 to 20 years. This reduced the 
utilities’ new-capitial requirements 
within the subdivisions, but had one 
incidental effect on the utility, more 
serious particularly in the area of 
rapid growth: thees utilities, serving 
an ever increasing number of fringe 
areas, have, in some cases, become 
topheavy with consumers’ advances. 
The result has been an excessive ra- 
tio of debt to equity capital. The Cal- 
ifornia Public Utilities Commission 
does not approve of an excessive ratio 
of debt to equity capital, and has, on 
occasion, spoken strongly on the sub- 
ject with a recommendation that new 
capital be raised through the issuance 
and sale of common and preferred 
stock. Here again, the utility must 
face the problem of finding a market 
for equity securiites. 

The commission has allowed several 
utilities to convert portions of its ad- 
vances for construction, by mutual 
consent with the developer, into pre- 
ferred stock in the utility. This pro- 
cedure, in effect, provides the utility 
with bondable additions of property 
for additional financing and relieves it 
of the annual cash refund requirement 
of 22 per cent of gross revenue. The 
value of the facilities is also included 
in the rate base. An incidental effect 
is that a higher ratio of equity capital 
to debt is provided, and the utility 
is in a better financial position and 
more apt to meet the capital ratio rec- 
ommended by the commission. 

With respect to new capital require- 
ments, then, it may be said that serv- 
ice to fringe areas imposes a severe 
problem on privately owned water 








| All brass and 2 feet wide, this 20-foot 
Cook Strainer is being lowered into a 
125-foot well at a large Kentucky dis- 
tillery. A No. 30-slot, Wire Wound 
Strainer was specified for this job by 
the Diehl Pump & Supply Co., Louisville. 


Over the long-pull, this well will contin- 
wously deliver silt-free, sand-free water 
at the rate of 750 GPM. The Cook 
Strainer’s exclusive Y-shaped, self- 


cleaning slot makes dependable perform- 
ance like this possible. Larger inside 
than out, the V-shaped slot prevents 
clogging—guarantees maximum delivery 
by filtering out silt, alluvium, clay, and 
fine sand from around the outside of the 
strainer. The result—maximum develop- 
ment with a free, unobstructed flow of 
water, for years to come. Investigate for 
yourself the advantages of Cook Well 
Strainers. Available in Wire Wound and 
Brass Tube types, with slot sizes as re- 
quired, in all standard diameters. 
Made from Red Brass, Silicone Bronze, Armeo Iron and Stainless Steel. 8 to 24 hour 
delivery often possible by telephoning Cincinnati, HUmboldt 1-8800. 


COOK WELL STRAINER CO. 


6330 Glenway Avenue . Cincinnati 11, Ohio 
WORLD'S LEADING NAME IN WELL STRAINERS 
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utilities in the raising of new capital 
not included in advances for construc- 
tion. This problem can sometimes be 
so severe that the smaller utility over- 
extends itself, service quality breaks 
down, and the customers, in their de- 
mand for better service, seek other 
alternatives. If this happens the utility 
has only one recourse—sale to either 
a larger private utility that is well 
financed and able to improve the serv- 
ice conditions or to a public body. 


Rate Increases 

It has been said that the only certain 
things in life are death and taxes. 
Equally inevitable are water rate in- 
creases. The constantly declining re- 
turn on the services of privately owned 
water utilities is caused largely by: 
[1] increased operating and mainte- 
nance expense occasioned by the in- 
flammatory spiral of labor and ma- 
terial costs, [2] inadequate deprecia- 
tion reserve for the replacement of 
worn-out facilities, [3] construction of 
new facilities for service to fringe 
areas. All of these factors necessitate 
higher water rates. 

Service to fringe areas is one of the 
main contributing factors to increased 
average investment, despite the main 
extension provision which allows the 
utility to require a subdivider to ad- 
vance the estimated cost of facilities 
within the tract. The utility must pro- 
vide—at today’s high construction 
costs—the additional water supply, 
storage and booster facilities, trans- 
mission mains and meters. These rep- 
resent an investment of 25-40 per cent 
of the advance made by the subdi- 
vider. This investment becomes part 
of the rate base. Refund payments on 
previous projects also are reflected in 
the rate base at the higher construc- 
tion costs. This is partially offset by 
increased depreciation accrual. The 22 
per cent-of-the-revenue method of re- 
fund reduces the increment of capital 
going into the rate base, but the pro- 
portionate-cost method of refund, 
whereby the subdivider receives his 
full advance on completion and occu- 
pancy of the house, aggravates the 
problem. 

Service to fringe areas and its re- 
sulting effect on a utility’s need for 
adjusted rates must be met squarely 
by the management of the privately 
owned utility. In these days of keen 
competitive utility service, no man- 
agement desires increased rates, but 
it is the responsibility of a utility man- 
agement to the company’s owners to 
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make sure that the rates provide a 
return that will service the debt, pro- 
vide dividends to the investing public, 
and keep the utility in a sound enough 
financial position to attract new mon- 
ey. 


Competition 


Despite the generally accepted opin- 
ion that a utility is a monopoly, which 
it is by necessity, keen competition 
exists in fringe areas. Unlike gas and 
electric utilities, which depend upon 
one source of supply, usually trans- 
ported from great distances and inte- 
grated into a massive distribution sys- 
tem serving a multitude of communi- 
ties, the local water company is usually 
a small independent system depending 
upon ground water supply or purchase 
of wholesale water. As the source of 
supply is readily available, the pri- 
vate water utilities most complete for 
fringe area service, in areas not cer- 
tified, with other private water utili- 
ties and publicily owned utilities. In 
some large developments, the subdi- 
vider considers the establishment of 
his own water utility during the course 
of development, with the ultimate view 
of disposing of the facilities at a hand- 
some profit on the completion of the 
project. In this competition to serve 
fringe areas, many cities now served 
by privately owned water utilities have 
imposed a severe condition on approv- 
al of tract maps. This is done by ordi- 
nance, which requires that the sub- 
divider, among other things, install 
and dedicate the water system to the 
city. Many of these cities do not have 
their own water departments but use 
this procedure as the first step toward 
establishing one. The privately owned 
utility, in order to maintain its posi- 
tion, has no recourse but to provide 
the water at wholesale rates to the city 
for resale to the home buyer. It is 
obvious in these instances, that if 
enough fringe areas are developed, 
the city, in its constant quest for ad- 
ditional funds, will inevitably turn its 
attention to the local water company 

a ready source of revenue that can 
be rather easily obtained by acquisi- 
tion or condemnation, Recognizing the 
inherent right of eminent domain of 
a municipality and the ease of financ- 
ing through revenue bonds, the pri- 
vately owned water utility would have 
no other recourse but to negotiate the 
sale of its property to the city. 


Taxation 


There are two possible tax implica- 


tions in service to fringe areas. Where 
there is fringe area subdivision into 
lots rather than mass housing, the ad- 
vance for construction will obviously 
not be entirely refunded, because there 
will be insufficient revenues. The fed- 
eral Internal Revenue Service has 
taken the position that unrefunded 
portions of this type of advance are 
not depreciable for income taxes. If 
this position prevails on all unrefund- 
ed advances for construction, the pri- 
vately owned water utilities will be 
faced with a higher tax payment. Any 
increased operating cost will obvious- 
ly have an effect on rates. For some 
other utilities, notably those providing 
television service from community 
lines, payment by customers for con- 
nection to the system has been consid- 
ered taxable income in the year re- 
ceived. It has been reported that the 
Internal Revenue Service is now tak- 
ing the same position on donations 
received by other utilities. It is con- 
ceivable that unrefunded portions of 
advances for construction for fringe 
area service could eventually be con- 
sidered donations and, therefore, tax- 
able income, 

These tax implications must be con- 
sidered by the privately owned water 
utilities in their economic analysis of 
the problems of fringe area service. 


Summary 


There are several important eco- 
nomic considerations in solving the 
problems of water main extensions to 
serve fringe areas. The first of these 
is financial. It has been pointed out 
that one of the more serious effects of 
main extensions to fringe areas is the 
difficulty for the smaller utility to raise 
the new capital required for so-called 
backup facilities. One method of eas- 
ing this problem is to convert ad- 
vances for construction into preferred 
stock. This procedure has the advan- 
tage of increasing the rate base, satis- 
fying the recommended equity ratio of 
the utility’s capitalization, and in many 
cases providing bondable additions of 
property. In addition, the utility is 
relieved of paying annual cash refunds, 
although this is offset to some degree 
by the payment of dividends. One 
other method of solving the problem 
of new capital is the merger of smaller 
utilities, which has the effect of pro- 
viding more bondable capital for the 
merged companies and economical op- 
eration owing to size, It is fundamen- 
tal that every management skill avail- 
able must be utilized to maintain a 
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healthy financial position and attract 
the new money required to provide 
the necessary facilities to serve fringe 
areas. 

In the matter of rates, the provoca- 
tive problem is whether service to 
fringe areas should affect the rates of 
the present customers of a utility. 
Under the provisions of the present 
California main extension rule, rates 
are eventually affected. Because of 
public resistance to increased rates for 
any reason, adverse public relations 
result. Water rates are just as com- 
petitive in the market of today as are 
prices of other goods. One solution 
to the problem of rate increases due to 
service to fringe areas is a main exten- 
sion rule based on a cost-to-revenue 
principle. It appears valid and logical 
that a utility earning a fair rate of 
return on an established customer rate 
base should not be called upon to in- 
vest more than this average capital to 
serve a new customer. Although this 
principle limits the refund to a sub- 
divider, the utility should only have to 
refund that portion of an advance that 
would be adequately supported by a 
fair return from the revenues devel- 
oped. This procedure would tend to 
stabilize the rate base and protect the 
present customer. There are those who 


dispute the validity of making any re- 
funds to subdividers. If utilities must, 
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then, adhere to the historical policy of 
refunds, should they be paid to the 
subdivider who has long been condi- 
tioned to installing water distribution 
systems in municipalities and dedicat- 
ing these facilities without any re- 
fund? This policy has little noticeable 
effect on the price of houses compared 
to their price where refunds are paid. 
As a matter of fact, refunds from the 
water utility provide the subdivider 
with additional income for a long time 
after the project is completed and his 
profit has been made. Should not 
these refunds be paid to the person 
who is actually financing the water 
system—the home buyer? In these 
days of critical public relations, what 
could be better for public relations 
than having a home buyer, shortly 
after he occupies his new home, re- 
ceive a letter informing him that he 
will receive an annual refund on his 
water bill until such time as the pro 
rata share of the water system in his 
new tract, which he paid for in the 
price of his house, has been entirely 
refunded to him. The home buyer 
would, in effect, become a stockholder 
in the utility, and would be an im- 
portant factor in the promotion of 
good community relations. 


Competition exists among utilities 
for service to fringe areas. The pri- 


vately owned water utility cannot com- 
pete with ordinance, but it can develop 
the free-enterprise philosophy of util- 
ity service if it maintains superior 
service and reasonable rates. No pub- 
lic ownership of the local utility can 
be effective unless it meets the prac- 
tical tests of better and more econom- 
ical service. 

The tax implications of fringe area 
service may result in additional costs 
in rendering the service. These costs 
have be considered in the economic 
analysis of fringe area service. 

Service to fringe areas presents 
many problems, all of which can be 
solved by an intelligent application of 
sound economic principles. Service 
to fringe areas also offers many op- 
portunities. 
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HOW to SELECT and APPLY MAGNETIC 
FLOW METERS 


by LEO CARROLL 


Product Application Engineer, Fischer & Porter Co., Warminster, Pa. 


HE MAGNETIC flowmeter is 

composed of the following: a pri- 
mary sensing element, Figure 1a, in- 
stalled directly in the pipeline; and a 
separate flow indicator or recorder, 
Figure 1b, which connects through 
electrical cable to the primary up to 
2000 feet away. With an accuracy in 
the order of + 1%, the system can 
measure the volumetric rate of liquid 
flows from a fraction of a gpm to 
many mgd, using primary elements 
having pipe sizes from 1/10-inch to 
as large as 96 inches in diameter. 

The distinctive features of mag- 
netic flowmeters include: 

Offer no obstruction to flow, 
hence cause no pressure loss in the 
line nor present any place for ma- 
terial to lodge and plug or foul the 
element. 

Unaffected by piping elbows or 
bends up- or down-stream from the 
primary element. 

Accuracy is unaffected by varia- 
tion in viscosity, density, tempera- 
ture, and many other properties 
of the measured liquid. 

Flow measurement in either di- 
rection. 

Provide linear indication or rec- 
ord of fiow rate. 

Wide selection of construction 
materials to permit handling of the 


most corrosive or abrasive liquids. 
Rangeability of 3000 to 1. 

It is not surprising, that the mag- 
netic flowmeter in the space of several 
years has been widely selected for 
water and sewage plant metering ap- 
plications. This paper reviews the 
basic theory of magnetic meters and 
gives general hints on their proper 
selection and application. 

In the magnetic flowmeter, shows 
schematically in Figure 2, a magnetic 
coil fed by 115-volt, 60-cycle a-c cur- 
rent develops an extremely uniform, 
parallel magnetic field vertically 
through the pipe and the flowing 
liquid. Faraday’s electromagnetic in- 
duction law states that the movement 
of a conducting liquid through a mag- 
netic field produces a voltage at right 
angles to the field and to the direction 
of movement of the liquid, as shown 
in Figure 2. This voltage is directly 
and linearly proportional to the ve- 
locity of the flowing fluid. Since, with 
a given pipe size, the volumetric flow 
rate is dependent solely on flow ve- 
locity, the induced voltage is there- 
fore directly proportional to volu- 
metric flow rate. 


The voltage developed by the flow- 


FIG. la—TWO STANDARD TYPES of magnetic FIG. I1b—A TYPICAL LARGE-CASE recoding in- 


meters, for high (left) and low (right) flows. 


strument for the magnetic meter. 


ing fluid is picked up by two elec- 
trodes. These electrodes are connected 
by cable to a suitable voltage meas- 
uring instrument which can be an 
indicator, recorder, integrator and/or 
controller. The equation relating flow- 
rate to induced volutage may be writ- 
ten as 
q = KD (E,/B) 

where q is the volume flowrate, K a 
meter constant, D the diameter of the 
meter, E, the induced voltage and B 
the flux density of the magnetic field. 
The derivation of the equation is 
rather straight-forward and need not 
be reviewed here. The equation shows, 
however, that for a given meter size, 
volume flowrate depends only on the 
relationship between the induced emf 
and the flux density and is complete- 
ly independent of the many variables 
which normally affect conventional 
meter operation. 

In practice it is difficult to maintain 
a constant flux density B, but it is 
relatively simple to maintain the E,/B 
ratio. Generally this is accomplished 
by using the output of a transformer 
(connected either in series or in paral- 
lel with the field (coils) in conjunc- 
tion with external dividing networks 
to produce a reference voltage. Then, 
any disturbance which affects the flux 
density will similarly affect the signal 
voltage. 

Experiments have shown that the 
meter coefficient K is essentially con- 
stant, provided that the magnetic field 
is uniformly distributed and the fluid 
conductivity remains above the mini- 
mum threshold. Hence the meter is 
fully independent of Reynolds num- 
ber effect. 


Typical Construction of the 
Primary Element 

Shown in Figure 3 is a cut-away 
view of a typical magnetic flow-meter 
primary element. Basically it consists 
of a non-magnetic tube through which 
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the liquid flows, an electromagnetic 
field (magnet coil), and two metallic 
electrodes flush with the inner sur- 
face of the tube and which contact 
the flowing liquid. An electrical ter- 
minal block and calibration compo- 
nents in the metal housing complete 
the assembly. 

The pipe or flow tube in a mag- 
netic meter must be resistant to the 
corrosive or erosive affects of the 
flowing fluid and must be non-mag- 
netic so that it does not affect the 
uniform magnetic field. Further, it 
must be an electrical insulator to pre- 
vent grounding of the flow signal. 
Fiberglass satisfies all of these condi- 
tions and is highly recommended 
where the application permits. For 
other applications, a stainless steel 
tube lined with insulating materials 
such as Teflon, Neoprene, or Vitreous 
Enamel, may be used. Maximum tem- 
perature of the flowing liquid in ele- 
ments using Teflon or the Vitreous 
Enamel lining is about 360 F and 
for elements using tubes of Neoprene 
or rubber, the maximum temperature 
is about 185 F. Maximum ambient 
temperature is in the order of 135 F. 

The electrodes which are in direct 
contact with the flowing fluid, must, 
of course, be corrosion-resistant as 
well as good conductors and non- 
magnetic. Stainless steel and Hastel- 
loy C are common materials; plati- 
num, Monel, tantalum, and others are 
also used. 

The magnet coils are two saddle- 
shaped sections of insulated copper 
wire. They develop the magnetic field 
and a laminated iron core, which 
surrounds the coils completely assures 
that the field is uniformly perpendicu- 
lar to the axis of the pipe. 

At the top of a typical primary 
element casing, adjacent to the elec- 
trical terminal blocks, are calibration 
components, These are used to as- 
sure that output signals are identical, 
with respect to flow velocity, in every 
meter regardless of size. These com- 
ponents are preset at the factory and 
sealed in an epoxy resin receptacle, 
as shown in Figure 3. This design 
provides for full interchangeability of 
any size primary with any other pri- 
mary. 

Included in the calibration com- 
ponents of this design is a means to 
develop the basis balancing or refer- 
ence voltage for the potentiometer 
indicator or recorder. This enables 
the meter to have an output complete- 
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FIG. 2—SCHEMATIC showing principle of operaticn of Magnetic Flowmeter. 


ly independent of power line fluctua- 
tions in either voltage or frequency 
up to +10 per cent and to be unaf- 
fected by changes in field coil re- 
sistance due to temperature or other 
electrical variables which might af- 
fect the primary and not the sec- 
ondary indicator or recorder. 


The Indicator or Recorder in a 
Magnetic Flowmeter System 


Shown schematically in Figure 4 
is one arrangement whereby the sig- 
nals from the magnetic primary ele- 
ment are converted into a related po- 
sition of the pen or pointer on a scale 
calibrated in flow rate. From the pri- 
mary element at the left there are two 
signals, namely: the flow signal and a 
balancing signal source. The flow sig- 
nal is the induced emf due to the 


rate of flow; this is transmitted di- 
rectly to the balancing transformers 
while the balancing signal is the mas- 
ter reference against which the flow 
signal is compared. Essentially, this 
is an a-c potentiometer circuit balanc- 
ing the unknown flow signal against 
the standard reference signal. 

In this design, the balancing signal 
is generated through the use of cali- 
bration components located on the 
primary for reasons which will be dis- 
cussed more fully later. 


Following first the flow signal, we 


find that this is applied directly to the 
balancing transformers. The other 
side of these transformers is in turn 
connected to the reference signal in 
the slidewire circuit. If there is a dif- 
ference between the incoming flow 
signal on one side of the transformer 


FIG. 3—CUTAWAY VIEW, showing internal parts of magnetic meter primary element. 
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FIG. 4—BLOCK DIAGRAM of magnetic flowmeter system. 


and the reference on the other side, 
this difference in voltage (error sig- 
nal) is amplified to the point where 
it can drive a servo motor mechani- 
cally linked to the recording pen or 
indicating pointer. At the same time, 
the servo motor rebalances the poten- 
tiometer circuit until no further error 
signal is received, at which point the 
instrument indicates the rate of flow. 
The entire balancing operation even 
from zero flow to full-scale flow takes 
only 1 or 2 seconds. 

Consider further the importance of 
having two signals, rather than one 
signal, generated by the magnetic 
flowmeter primary. In practice, it is 
difficult to maintain a constant flux 
density across the primary elements. 
Any changes in this density would 
cause a change in the effective flow 
signal which might not have been 
developed through an actual change 
flow rate. However, it is relatively 
simple to maintain a ratio between 
the flow signal and the flux density. 
This can be accomplished by using 
the output of a current transformer 
located in a calibration component, in 
conjunction with local dividing net- 
works, shown in Figure 4 on the 


servo motor panel, to produce a ref- 
erence voltage. This arrangement 
eliminates the need for the standard 
hattery reference sometimes used in 
normal potentiometers. Thus, any 
disturbances which might affect the 
signal voltage will in turn affect the 
flux density and hence the reference 
voltage by the same amount. The 
ratio between the two therefore will 
always be the correct indication of the 
rate of flow. The entire system is 
completely independent of electrical 
input characteristics or other condi- 
tions which might affect the accuracy 
of the meter. Further, by fixing an 
exact ratio between rebalancing volt- 
age at a given specific input condition 
in every meter, the manufacturer can 
design every secondary to be exactly 
identical. There is, therefore, com- 
plete interchangeability between any 
primary with another and any sec- 
ondary indicator/recorder with an- 
other. 


Features Available with Indicating / 
Recording Instruments 

Ranging circuits allow setting of 
any value between the equivalent of 
1 to 30 fps as full scale. Further, be- 
cause the magnetic flowmeter has no 


float stops or other mechanical re- 
sistances to overcome, it measures 
flow rate from zero flow and greater. 
Thus its range from any given fixed 
position is 100 to 1. It has a full-scale 
capacity of 30 to 1 and greater. There- 
fore, the rangeability of any given 
flowmeter is in the order of 3000 to 1. 
Full-scale velocities can be obtained 
by adding special resistors and cali- 
bration components in the primary ; 
thus any meter can handle a full-scale 
capacity up to the value of the delivery 
capacity of the system. There are sev- 
eral instances of meters with flow 
velocities of 70 to 80 fps. 

Some magnetic meters have a small 
volt meter connected across the servo 
motors drive windings to aid in setup, 
trouble-shooting and maintenance of 
the system. Many specific problems 
can be diagnosed through the use of 
this device, eliminating the need for 
an expensive electronic scope and as- 
sociated technical personnel. 

Electronic smoothing is available 
to reduce hydraulic noise effects that 
might tend to show “paint brush ef- 
fects” on the chart. The smoothing 
is designed to reduce hydraulic noise 
around a point, but not slow the high- 
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speed response of the system. 

Zero can be set in any desired value 
to obtain suppressed zero; i.e., an ex- 
panded scale for great readability of a 
zero up scale so that bi-directional 
measurement can be obtained as de- 
sired. 


Installation of the Magnetic Flowmeter 


Electromagnetic and _ electrostatic 
fields normally encountered in most 
industrial areas will have no affect 
upon the operating characteristics of 
the magnetic flowmeter provided they 
are installed in accordance with pub- 
lished procedures for handling low- 
level, a-c electronic signals. Because 
the meter is unaffected by bends in the 
piping upstream or downstream from 
the metering tube, there is no consid- 
eration as to its specific location in 
the pipeline. It can be mounted either 
vertically, horizontally, or at any in- 
cline that the pipe-line might have. 

Primary element piping connec- 
tions are usually made by means of 
modified A.S.A. flanges or, in the 
case of glass-lined meters, lap joint. 
Normally, flange gaskets are required 
. with Neoprene-, rubber-, or Teflon- 
lined meters when connected to metal- 


face flanges in the pipeline. However,, 


Neoprene and rubber-flange facing 


should be dusted with talc or graphite 
to prevent possible lining damage 
when the meter is removed. 
Electrical connection of the pri- 
mary element to the indicator or re- 
corder must be made with the proper 


Full scale flow can be any value between flow 
rates equivalent to 1 foot per second to 30 feet 


per second. 


VELOCITY FEET PER SECOND 


type of flow signal cable as recom- 
mended by the manufacturer. The 
electrical conductivity of the fluid to 
be metered, at the operating tempera- 
ture, must be determined in order to 
determine the maximum permissible 
length of the flow signal cable. This 
ranges from some 200 feet up to 2000 
feet, the maximum length of signal 
cable decreasing with the minimum 
conductivity of the measured liquid. 

After proper electrcal connections 
have been made, all condulet seals 
should be packed with a sealing com- 
pound to prevent water vapor from 
entering the primary element housing. 
The sealing compound should not be 
allowed to come in physical contact 
with any uninsulated electrical con- 
nections. 

Proper grounding of the magnetic 
flowmeter is a must for best per- 
formance of the system. The pipeline 
in which the meter is installed gen- 
erally falls in one of two categories ; 
namely, (1) electrically conductive 
pipeline, where the liquid to be 
metered comes in contact with the 
conductive pipe ; or (2) adjacent pipe- 
line which is insulated from the fluid 
to be metered, such as a ceramic-lined, 
iron pipe, or totally plastic pipe. 

All interconnection wire must be 
run within conduit, and the signal 
cable must not be run in the same 
conduit as the line-voltage and rebal- 
ancing-voltage cabling, where such 
cable is involved. 

It does not matter whether the 
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FIG. 5—PRESSURE LOSS vs. Diamter ratio for 
various meter sizes. 


mounting position of the primary ele- 
ment is vertical, horizontal, or at an 
angle, except that the meter must be 


See chart below for approximate gpm values in 


Rangeability — from 0 to 100% of full scale. 
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FIG. 6—CAPACITIES for a standard Magnetic Meter. 
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filled with liquid at all times during 
flow measurement. 


Application 


Viscosity 

Neither viscosity nor consistency 
(referring respectively to Newtonian 
and non-Newtonian fluids) has any 
effect on accuracy. The total voltage 
developed at the electrodes is a sum- 
mation of each increment of voltage 
in the entire area between the elec- 
trodes. Thus, in a typical low-viscosity 
flow situation, as depicted in the tur- 
bulent flow profile in Figure 2, the 
total voltage induced will be repre- 
sentative of the actual average fluid 
velocity as determined by the effect 
of each profile line. When the viscos- 
ity increases so that the flow profile is 
similar to the velocity profile for lam- 
inar flow, the flow rate will still be 
determined by the summation of the 
voltage produced by each profile line. 
Therefore, the voltage received at the 
electrode will be a measure of the 
actual average fluid velocity. 

The foregoing is valid only when 
there is a parallel or uniform magnetic 
field across the measuring section of 
the meter. Without this, large errors 
can be incurred by changes in vis- 
cosity. 


Slurries 

The consistency of slurries or the 
percentage of solids has no effect on 
magnetic meter operation. The mag- 
netic flowmeter measures the average 
velocity of the whole fluid passing 
through it ; thus, voltage produced will 
be an indication of the total volume 
rate. 


Density 

Density has no effect on the volu- 
metric flow indication since only the 
area of the pipe and liquid velocity 
are required to determine the rate of 
flow. 


Piping Configurations 

Piping configurations have no ef- 
fect on the accuracy or performance 
of the magnetic flowmeter. Piping con- 
figurations affect the flow profile in a 
manner similar to changes in viscos- 
ity ; therefore, the section on viscosity 
also applies to piping configurations. 


Temperature 

Temperature manifests itself in sev- 
eral ways. (1) temperature affects 
both the viscosity and the density. 
These have previously been shown to 
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FIG. 7—GRAPH OF HEAD LOSS vs. power 
cost for different pumping capacities. 


have no effect. (2) As temperature 
change affects the size of the metering 
area, it can be shown that within a 
range of 250 F, the change in area is 
less than 0.4%. (3) The ambient tem- 
perature affects the flux density, 
thereby changing the value of the in- 
duced electromagnetic force. This is 
compensated for in the over-all sys- 
tem. The reference voltage across the 
slide-wire (in the secondary) is de- 
rived directly from the current to the 
main primary coil windings. There- 
fore, when the signal voltage varies 
with temperature, the reference volt- 
age to which it is compared also varies 
by a proportional amount. 


Pressure 

Pressure will have no effect. Prac- 
tically speaking, pressure is related to 
gaseous measurements and the mag- 
netic flowmeter will not meter gaseous 
fluids. 


Entrained Air 

Entrained air can affect accuracy. 
As notedin the section on slurries, 
the magnetic flowmeter indicates the 
total volume of fluid metered. This 
total volume includes both liquid and 
air. Therefore, the indicated flow rate 
will be in error from the liquid flow 
rate by the amount of entrained air. 


Conductivity 

A minimum threshold of conduc- 
tivity is required for operation of 
the meter as noted in the principles 
of operation. Changes in conductivity 
above this level do not have an effect 
on the ultimate accuracy of the sys- 
tem. 


Accuracy 

The accuracy of the complete mag- 
netic flowmeter primary with sec- 
ondary is + 1% of the value set at 
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full scale. With the ability to select 
the value to full scale at will, ac- 
curacies of + 1% of instantaneous 
rate are possible. Calibration data 
can be provided to produce even 
greater accuracies. 


Pumping Costs 

The pipeline contains no obstruc- 
tions, thus there is no pumping cost 
chargeable to the meters. 


Meter Sizing 

Select the magnetic meter to pipe 
size. A standard unit includes range 
selector, permitting up to 30 to 1 
change in meter maximum. Range- 
abilities up to 300:1 are possible with 
a single meter. 

Where pressure loss is not a prime 
factor, the meter can be sized smaller 
than pipe size. 

Despite the cost of reducing flanges 
and the accompanying pressure drop, 
a sinaller meter may be more economi- 
cal due to its lower initial cost. 

The following procedure describes 
calculation of the pressure loss due 
to reductions in feet of flowing fluid, 
across the meter for various sizes and 
flow rates. Data are based on the use 
of ASA STANDARD length re- 
ducers. 

1. Determine diameter ratio 
(d/D) of meter size to pipe size. 

2. Read pressure loss on ordi- 
nate of Figure 5 for appropriate 
diameter ratio and meter size. This 
pressure loss is for a flow velocity 
of 10 fps in the meter. 

3. For other flow velocities use 
the formula: 

Pressure Loss = v 

(Pressure Loss at 10 fps) x (—)? 

10 
where v = the flow velocity. 

4. If the flow velocity is not 
known it may be read from Fig- 
ure 6, 


Entrained Solids and Slurries 

A standard meter can be used with 
entrained solids and slurries since 
there are neither obstructions in the 
line nor pressure taps to keep open. 
Brush type electrode cleanouts are 
available for removal of any deposit 
which may build up on the electrodes. 

While this same build-up can occur 
in the magnetic flowmeter, it is a 
simple matter to specify a smaller 
than line size meter and couple it to 
the pipeline with tapered reducers. 
The resulting increased fluid veloci- 
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ties will scour the flowmetering sec- 
tion and keep it clean. 

Since the magnetic meter is un- 
affected by changes in the flow pat- 
tern caused by build-up in upstream 
or downstream piping, the accuracy 
will not be affected even when a thin 
conductive film does form (despite 
scouring action). Two electrodes lo- 
cated in the side of the pipe line pro- 
vide the detection means for deter- 
mining the flow rate. Rather than re- 
quiring auxiliary fluid lines and pip- 
ing, the magnetic meter can be fur- 
nished with an electrode cleaner. At 
prescribed maintenance cycles, the 
operator can insure continuous satis- 
factory operation of the meter through 
the simple push-pull action of the 
brush cleaners without interrupting 
the flow signal or breaking into the 
pipe line. In addition, this device is 
constructed so that it can be very 
easily and readily removed from the 
meter for inspection. 


Foreign Bodies 

Nuts, bolts, wood, rags, etc. will 
pass through the meter because there 
are no obstructions. 


Location of Secondary 
An indicator or recorder can be 


located anywhere up to 2000 feet from 
the primary without regard to eleva- 
tion. 


Freezing 
No pressure lines to be protected 
from freezing. 


Range Change 

A Standard range selector permits 
up to a 30 to 1 change in meter maxi- 
mum. Pressure drop is no greater than 
an open pipe of size and length. 


Scales 
Output is linear over entire range. 


Magnetic Meter Power Costs 

The magnetic flowmeter requires 
electrical power for its operation. Con- 
sumption is steady for a given meter 
size: 50 watts through 4-inch meters, 
100 watts through 8-inch meters. As- 
suming the same power costs as in 
Figure 7 ($0.02/KWH) a 4-inch 
meter would cost $8.76 per year. This 
size will handle in excess of 1,000 
gpm. An 8-inch meter, which can 
handle up to 4,500 gpm, would cost 
$17.52 per year. 

Even these figures are not truly 
representative of the low comparative 
operating cost. Since the magnetic 
flowmeter is, per se, a transmitting 
meter, remote indication or recording 
does not require additional operating 
expense. 

The above calculation represents 
only operating power costs. The fact 
that variable-area and variable-head 
meters do cause a permanent pressure 


loss means that pumps must be sized 
to handle the drop. Any added capi- 
tal investment plus amortization on 
larger pumps is unnecessary when 
considering magnetic flowmeters. 


Typical Applications 
Trickling Filter Sewage Treatment 

Because of its wide range, the mag- 
netic flowmeter has solved many flow 
measuring and control problems in 
sewage treatment plants. One is in- 
accuracy caused by the need for over- 
sizing primary metering devices. 

The manual flow range adjustment 
of the magnetic meter overcomes this 
inaccuracy problem. A simple adjust- 
ment of the calibration control lo- 
cated on the front of the recorder 
permits any flow velocity from 1-30 
fps to be set at full scale. Hence, the 
meter and the recorder can measure 
and record much larger flow rates as 
the plant capacity is increased. 

In one application, a subdivision 
sewage treatment plant installed two 
magnetic flowmeters. The first meter 
measures, records, and totalizes raw 
sewage influent. Upon conversion to 
a high rate trickling filter system, the 
second meter measures and records 
recirculation flow. A typical flow dia- 
gram is shown in Figure 8. 


High Accuracy Measurement of 
Raw Sewage Flow 
In another application, a magnetic 
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NOTE: THIS OIAGRAM SHOWS ALL OF THE MAJOR 
UMIT PROCESSES LIKELY TO BE ENCOUNTERED. 
AMY UNIT PROCESS NOT APPLICABLE TO A PAR- 
TICUL AR PLANT CAN BE EASILY EL MINATED. 








FIG. 8—FLOW DIAGRAM of a trickling filter sewage treatment plant. 
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FIG. 9—FLOW DIAGRAM of an activated sludge treatment plant. 


flowmeter was selected because of its 
ability to measure raw sewage ac- 
curately despite 14-1 fluctuations in 
flow rate. (Actual range was 90 to 
1250 gallons per minute.) Because 
the magnetic meter was used for ac- 
counting and billing purposes between 
two communities, accuracy was a most 
important factor. It recorded and to- 
talized sewage flow within an accu- 
racy of 1%. 


Activated Sludge Treatment 

Magnetic flowmeters find many ap- 
plications in the various unit pro- 
cesses encountered in activated sludge 
treatment, Figure 9. These include 
metering of : 

Influent Raw Sewage (especially 
useful for billing purposes where a 
single plant serves more than one 
community ) 


Flow to Secondary Settling Tanks 

Return Activated Sludge 

Waste Activated Sludge 

Raw Sludge 

Digester Recirculation or Transfer 
Sludge 

Final Effluent (to proportion the 
chlorinator ) 
The magnetic meter is a “natural” 
for metering sludge between digesters. 
Because it operates in either direction 
a single meter can be used to meas- 
ure sludge recirculation in either of 
two digesters or sludge transfer be- 
tween the same two. 


Water 


The magnetic meter can be used for 
“cash register” applications for billing 
communities or cities for the amount 


of water consumed. Magnetic meters 
are ideally suited to these applications 
because they can maintain their accu- 
racy over a wide range of flow, not 
just at full-scale values. Use of mag- 
netic meters allows use of smaller 
pumps, because of the low pressure 
loss. 


Design for the Future 


Because of their wide rangeability, 
magnetic meters enable design for to- 
day and for 20 years hence. As long 
as the pipelines can be sized for nec- 
essary increases in throughput, a 
single magnetic meter will suffice. 

There is no sacrifice in metering 
accuracy at either end of the scale. A 
unique range adjustment feature al- 
lows any flow (from 1 to 30 fps) to 
be set at full scale. 
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WATER TREATMENT 


HEN WATER REQUIRES 

treatment before it can be used 
for municipal or industrial purposes, 
the treatment processes are commonly 
termed purification. The kind of treat- 
ment employed in water purification 
depends on the characteristics of the 
water and its intended use. 

The steps employed in water puri- 
fication include these unit processes ; 
coagulation, mixing, sedimentation, 
filtration, disinfection, aeration, ab- 
sorption, chemical oxidation, ion-ex- 
change, chemical precipitation and 
stabilization. 


Coagulation, Mixing and Flocculation 


As the first step in the removal of 
suspended and colloidal matter from 
water, chemical coagulants are added. 
For this purpose chemical handling 
equipment, chemical feeders and con- 
trols are required. 

When chemicals are first added to 
the water, it is necessary to disperse 
the chemical quickly throughout the 
water. This action is known as rapid 
mixing. Slow mixing follows for the 
purpose of flocculation, that is to 
cause an agglomeration of colloids 
and finely divided suspended matter 


into large flocs which will settle 
readily. 


Sedimentation 


Sedimentation or the settling of 
solids under the influence of gravity, 
provides for the removal of the sus- 
pended and precipitated matter. This 
treatment takes place in tanks de- 
signed to produce the desired flow- 
through period. These tanks, either 
rectangular or circular, are equipped 
with valves, level controls, and devices 
for the removal of the settled solids. 


Filtration 


Suspended matter remaining in 
water after sedimentation can be re- 
moved by passing the water through 
beds of porous material, usually sand. 
Crushed anthracite coal also may be 
used. The filter medium (sand or an- 
thracite) is contained in a box like 
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structure with a valve system to con- 
trol the flow of water and an under- 
drain collection system. 

There are two types of sand filters : 
slow sand in which the water flows. 
through the filter medium at less than 
0.2 gal per sq ft per min; and rapid 
sand filters in which the flow rate is. 
from 2 to 5 gal per sq ft per min. A 
third type of filter is the diatomite fil- 
ter in which diatomaceous earth is 
mixed with the water and removed 
on a porous septum. 

The removal of suspended and col- 
loidal matters by filters is accom- 
plished in this manner. Particles lar- 
ger than the pores are strained out, 
particles smaller than the voids catch 
on and adhere to sand grains or other 
matter previously removed. Micro- 
organisms for sticky coatings on sand 
and attract and hold other particles. 

The filter box contains an under- 
drain system (for filter bottom) 
above which is a layer of coarse grav- 
el, topped by a layer of sand or 
crushed anthracite. Valves are used 
to control the flow of water onto the 
filter and a controller on the effluent 
maintains the flow of water through 
the filter at a constant rate. 

When the filter becomes clogged as 
indicated by loss of head in the filter, 
it becomes necessary to backwash it. 
Incoming water is shut off and by 
proper valving operations, clean wa- 
ter is forced upward through the sand 
and out to waste carrying with it the 
impurities and foreign matter that 
have accumulated in the filter during 
operation. The length of filter wash 
period depends on the dirtiness of the 
filter but 3 to 5 minutes is usually 
sufficient. Surface washing is some- 
times used along with upward wash. 
Washing operations can be initiated 
and controlled automatically. 


Aeration and Taste 
and Odor Removal 


The purpose of aeration is to im- 
prove the quality of water, particular- 
ly with respect to tastes and odors. 
Types of aerators may be waterfall, 
air diffusers, or spray nozzles. 

Other methods of taste and odor 
removal employ either preventive or 
corrective treatment. Preventive 
treatment consists principally of at- 


tacking the causes, especially algae 
control by copper sulfate. Corrective 
treatment consists of either chlorina- 
tion or removal by adsorption on acti- 
vated carbon. The control of odor re- 
moval is based on the threshold odor 
number and its determination. 


Softening and Stabilization 


Chemical precipitation is involved 
in both coagulation and in softening. 
The purpose of softening is to remove 
unwanted salts of calcium and mag- 
nesium. This treatment may be ac- 
complished by the addition of lime or 
lime and soda ash to the water. An- 
other softening method utilizes ion- 
exchange and no precipitation. 

Waters which contain carbon di- 
oxide or have a pH below neutral or 
have low alkalinity tend to be corro- 
sive to mains and household services. 
Lime softened waters sometimes tend 
to deposit scale. Treatment to over- 
come both of these tendencies is 
termed stabilization. Stabilization of 
corrosive waters is accornplished by 
pH adjustment, usually with lime. 
Stabilization of lime softened water 
may be accomplished by recarbonation 
with carbon dioxide, by the addition 
of alum, or by the addition of sodium 
hexametaphosphate, known as_ the 
threshold treatment. 


Miscellaneous Treatment 


Fluoridation is not really a water 
treatment process but rather is a proc- 
ess for the adding of a chemical to 
water supplies, as a carrier, in order 
to provide a micro-nutrient to the diet 
of consumers. The purpose of adding 
fluoride ions to water is based on the 
observation that children who con- 
sume water containing no more than 
1.0 mg/L of fluoride ion, have ap- 
proximately 60 per cent less dental 
cavities than children who do not 
drink such water. 

Other miscellaneous treatments 
may include ozonation for disinfec- 
tion and taste and odor control, de- 
mineralization, defluoridation of wa- 
ters high in fluoride ion, and deoxy- 
genation especially for industrial wa- 
ter supplies. 
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For leak-proof, acid-resistant sewers and drains 


wocie TY LOX 


FLEXIBLE RUBBER 


PIPE GASKETS 


TYLOX RUBBER GASKETS are specified and used by engi- 
neers and contractors the world over to assure faster pipe- 
laying and water-tight, long-lasting lines. Proof of this 
engineering preference is the fact that there are more TYLOX 
Gaskets in low head service today than all other types of 
gaskets combined. Here are a few of the reasons why: 


NO JOINT LEAKS—Tylox prevents infiltration . . . keeps 
treatment plant loads down...eliminates chance 
of root and sediment penetration. 


NO ACID ATTACK—Tylox rubber is specially 
compounded to resist sewage and industrial 
waste acids and alkalies. A Tylox joint is a 


is on irk! , eel tae Acid-resistant TYLOX 
permanent joint. reo eo 8 ey tee ees Mee RUBBER JOINTS seal 


A hk rid! ab ee =: 4 water-tight by compres- 
NO INSTALLATION DELAYS— Just shove gasketed oS eS sion, and outlast the pipe 
pipe home and the Tylox joint is complete. Wet itself. 
trenches do not delay the work .. . laid line can 


be backfilled immediately. 























aud... REXON COATING NO. 2 


REXON COATING NO. 2 offers engineers an extra safety 
factor against acid attack on concrete pipe sewers in instal- 
lations where corrosion is extreme. REXON NO. 2 is 

REXON COATING NO. 2 he applied quickly by brushing or spraying on the pipe, inside 

prevents acid aed Sil . ao and out. It forms a tight, lasting, water-proof bond to the 

eo og + hao ae concrete, and is resistant to virtually all acids, alkalies, 
y cor- a ; 

recive wastes. a oils, greases and solvents. 








SPECIFY TYLOX RUBBER GASKETS AND REXON COATING 
NO. 2 FOR YOUR CONCRETE PIPE JOBS. WRITE FOR 
MORE DETAILS. 


HAMILTON KENT 


MANUFACTURING COMPANY 


43. heme) ile) 
427 West Grant St. ORchard 3-9555 
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Porous Membrane Demineralization 


seg sourRcEs of fresh water are 
rapidly becoming insufficient to 
meet the demands of expanding pop- 
ulations and increasing industrializa- 
tion. Engineers and scientists all over 
the world are searching for econom- 
ical methods of turning sea or brack- 
ish water into fresh potable water. 
Among them is the manufacturing 
firm of Ionics, Inc., a Cambridge, 
Massachusetts firm, that has devel- 
oped a porous membrane electric 
method of desalting brackish water to 
a useful level at a low operating cost. 
This method may offer distinct advan- 
tages for municipalities where there is 
a choice between a local mineralized 
supply and a more remote fresh water 
supply. 

Electric membrane demineralizers 
are capable of removing a major por- 
tion of the dissolved cations (sodium, 


calcium and magnesium) and anions 
(chlorides, bicarbonates and sulfates) 
which contribute to hardness and al- 
kalinity in natural waters.. These un- 
desirable characteristics must be re- 
moved in order to provide potable 
water for household and industrial 
use. 


Example Installation 


Cheap water by the demineralizers 
may enable communities to grow un- 
der conditions which would otherwise 
limit them. The electric membrane 
process provides an advantage in that 
it leaves dissolved air and some solids 
in the water, thereby giving a fresh 
taste rather than the flat taste usually 
associated with distilled water. 

A membrane demineralizing plant 
has just commenced supplying 28,000 


gpd of drinking and cooking water for 
the 6,000 citizens of Coalinga, Cali- 
fornia. A 2.5-month test of a demon- 
stration demineralizer unit in the 
Spring of 1958 showed that the meth- 
od could produce potable water at a 
cost of about $1.14 per 1,000 gal. It is 
estimated by the town’s director of 
public works that a full-scale plant 
could demineralize its brackish well 
water from an average 2,000 mg/L 
to a maximum of 300 mg/L at a cost 
of $1.00 per 1,000 gal. This is only 
one-seventh the cost it now has to 
pay for water hauled 45 miles by rail- 
road. 

Coalinga has two water systems. 
The untreated water is used for irri- 
gation and billed at a flat rate, while 
the drinking water is metered and 
piped separately to consumer. The de- 
mineralized water produced during 


POROUS MEMBRANE equipment removes 700 mg/I dissolved solids. 
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FIG. 1. STANDARD STACK ASSEMBLY, A and C—membranes which pass 
negative and positive ions, respectively, P and W—compartments produc- 
ing treated water and waste, respectively. 


the test is said to have tasted very 
similar to the water which the city 
has been bringing in by rail. 


Industrial Applications 


Boiler feedwater for high pressure 
central station steam plants is usually 
provided either by evaporation or by 
ion exchange demineralizers regener- 
ated with strong chemicals such as 
caustic and sulfuric acid. The latter 
process is increasing greatly in use in 
new plants since it does not use steam, 
furnishes the highest purity water, 
and can be operated when the steam 
plant is not operating. However, many 
conventional ion exchange demineral- 
izers become expensive both in first 
cost and operating cost when total 
dissolved solids in the feedwater are 
much over 300 mg/L. The new elec- 
tric membrane method appears to be 
economical for handling waters of 
500 mg/L solids or more as a pre- 
treatment for conventional ion ex- 


FIG. 2. CATHODE SHEET is vital 
nickel alloy part. Complete stack also 
contains 300 special plastic mem- 
branes. This 1200 oa r. unit oc- 
cupies 3 sq ft of floor area. 


change dimineralizers. The first such 
installation is now in operation in the 
Texas Electric Service Company’s 
Permian Basin plant at Monahans, 
Texas, where an Ionics demineralizer 
is reducing water of 600 mg/L to 
approximately 300 mg/L. This is fol- 
lowed by an ion exchange dimineral- 
izer for the removal of the rest of the 
solids. 


Operating Principles 

The principle of electric membrane 
demineralization is quite different 
from distillation which removes water 
from brine. It utilizes the movement 
of salt by an electric current through 
special membranes. The salt moves 
out of one stream which is being de- 
salted, and into a second stream which 
becomes a brine and is discarded. 

Most common minerals, when dis- 
solved in water, exist as ions which 
are submicroscopic charged particles 
free to move through the water under 
an applied voltage. When two metal 
plates are put into a container of salt 
water, and connected to a source of 
direct current, the current will pass 
through the water, carried by the 
movement of positively charged ions 
(cations) toward the negative plate 
(cathode) and by the movement of 
negatively charged ions (anions) to- 
ward the positive plate (anode). 

With the help of specially devel- 
oped plastic sheets or membranes, 
this movement under an applied volt- 
age can be utilized to desalt the water. 
One type of membrane permits posi- 
tive ions to pass but bars negative 
ions. The other type allows negative 
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ions to pass but bars the positive ions. 
When a number of these membranes 
are placed in the container as separa- 
tors, arranged alternately, and a di- 
rect current voltage applied, alternate 
compartments are demineralized. 

When suitable gaskets and mani- 
folds are added to the membranes, 
water to be treated can be piped into 
half of the compartments while de- 
mineralized water is piped out of 
alternate compartments as a continu- 
ous stream. 

The equipment has a stacked ar- 
rangement of gaskets and membranes 
with an electrode at each end. In- 
ternal manifolds lead water to and 
from the compartments, and to the 
end plates for external connections 
to pumps. 

Efficiencies 

Typical stacks, such as shown in 
the accompanying pictures, each have 
a capacity for 40 to 50 per cent de- 
mineralization of 20 gpm of water to 
the diluting cells. 

In C-type units, higher demineral- 
izations are obtained by passing the 
effluent to additional stacks, and in 
B-type units by recirculating it 
through the same stack until the de- 
sired purity is obtained. 

The plants illustrated operate on a 
continuous basis with little attention. 
Chief operating costs are for electric 
power and for replacement of ion- 
exchange membranes. 

The power consumption of the C- 
type electric membrane plants, for 
waters up to 10,000 mg/|, is approxi- 
mately 7 kwhr per 1,000 gal per 1,000 
mg/l removed. This includes current 
for pumping as well as for the recti- 
fiers for ion transfer. See Table 1 
for electrical consumption data on B- 
type units. 

The standard unit operates on 3- 
phase AC power and is furnished 
with a rectifier or other converter to 
supply the direct current. - 





FIG. 3. TRAILER-MOUNTED Ionics 
plant with self contained diesel gen- 
erator. 
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Membrane replacement costs range 
from 1,200 to 1,500 dollars per stack 
per year for small plants, with sub- 
stantially lower unit costs for large 
plants. 


Materials in Construction 


Hastelloy* alloy C high-strength, 
corrosion-resistant nickel-base alloy 
is used for the cathode sheet in all 
electric membrane demineralizer 
stacks. This metal alloy was selected, 
it can better withstand the corrosive 
action of acids and salts contained in 
brackish and sea water. 

In addition to the Hastelloy alloy 
C cathode sheets, other nickel alloys 
are used in Ionics equipment when- 
ever particularly corrosive waters 
are encountered. At installations such 
as the “Texas Tower” off-shore 
radar platform, where drinking wa- 
ter is made directly from the salt wa- 
ter, and in the portable unit used in 
arid areas of the Southwest, the batch 
tanks are made entirely of corrosion- 
resisting Monel** nickel-copper alloy. 

All tubing in these installations, ex- 
cept the parts near the stack which 
must be made of an insulating mate- 
rial, is fabricated of 70-30 cupro- 
nickel. 


Existing Installations 


During the past several years, the 
Ionics equipment has been installed 
or tested for many different applica- 
tions in all parts of the world. About 
30 plants are now in operation in 
small municipalities, ice plants, mili- 
tary posts, bottled water plants, iso- 
lated oil and running exploration 
camps, hospitals, utilities and soft 
drink bottling plants. 

Prior to this year, these demin- 
eralizers received their widest use in 
the North African and Middle East- 
ern area where ten installations are 
now in operation and six more are 
scheduled for start-up this year. 

The largest of these has been in 
operation since August, 1957 at the 
Bahrain Petroleum Company plant 
on Bahrain Island in the Persian 
Gulf. A perpetual drought exists in 
the area, which is one of the hottest 
and driest regions on earth. The plant 
has a capacity of 86,400 gpd supply- 
ing all the fresh water requirements 
for a community of 5,000 population. 
Connected load is 50 kw. The equip- 


*Registered Trademark of the Union Carbide 
Corporation 

**Registered Trademark of The International 
Nickel Company, Inc. 
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FIG. 4. MODEL 3008 satiboeiat demineralizer, smallest made, capable of 


producing 500 gpd 
taining 3,000 mg/L dissolved solids. 


from sea water or 7,000 gpd from brackish water con- 


Particulars: ship wt. 3,000 Ib; ship cubage crated 200 cu ft, ht. 6 ft, floor space II x 4.5 ft. 


ment has 15 basic membrane stack 
units connected in three parallel banks 
of five series units. Forty per cent of 
salt entering each unit is removed. 
Dissolved solids are reduced from 
3,100 to 450 mg/L as water passes 
through each five unit series. Elec- 
tric power consumption is 15 kwhr 
per 1,000 gal. 

The first commercial installation 
in the United States has been in op- 
eration at the Havre, Montana, Air 
Force Station for over two years, 
furnishing drinking and cooking wa- 
ter for a 200-man radar station. 

The equipment shown in the photo- 
graph at the beginning of this article 
is installed at Texas Electric Service 





Table | 


Production Rates and Energy 
Consumption for Model 300-B 


Feedwater Ap 
Salini 

(mmg/US 
900 
1,500 
2,000 
3,000 
4,000 
5,000 
6,000 
8,000 
10,000 
15,000 
20,000 
35,000 


‘oximate Approximate 
Production rate bow Consumption 
(gal/day) (kwhr/1,000 gal) 
28,000 3 
14,000 7 
10,000 10 
7,000 15 
5,500 20 
4,500 25 
4,000 30 
3,000 AC 
2,500 50 
1,800 80 
1,400 100 
900 180 





Company’s Permian Basin steam- 
electric plant at Monahans, Texas. It 
reduces dissolved solids in 1,000 
mg/L water to 300 mg/L for boiler 
feed. This equipment was first in- 
stalled at the company’s Wichita Falls 
plant in September, 1954, where it 
operated at an experimental rate of 
57,600 gpd (intake). 

Recently, another unit has been in- 
stalled to furnish water for a restau- 
rant on the New York State Thruway 
between Syracuse and Rochester. 

Another unit under construction 
will supply the entire 40,000 gpd wa- 
ter supply for a 200-man radar sta- 
tion operated by the Air Force at 
Gettysburg, South Dakota. 

The described method of demin- 
eralization shows promise wherever 
there is a problem of demineralizing 
waters containing from 1,000 to 
10,000 mg/L total dissolved solids. It 
has especial application where there 
is a choice between a local mineralized 
supply and a more remote fresh wa- 
ter supply. It is frequently more eco- 
nomical to install such equipment than 
to haul water by truck or barge, or 
to build pipelines more than a mile 
or two in length. 

Comparative economics depend on 
the chemical analysis of the water to 
be treated, the distance to the nearest 
fresh water source, local conditions 
of climate and topography, power 
rates and chemical costs. 





COAGULATION AND SEDIMENTATION 


= PRESENCE of turbidity, 
suspended matter, bacteria or other 
organisms in water makes it unfit for 
domestic uses. Removal of the unde- 
sirable constituents is one of the pur- 
poses of water treatment plant. In 
sewage treatment the removal of sus- 
pended matter is essential to reduce 
the nuisance characteristics of the 
sewage. The unit processes which re- 
move these undesirable substances 
from liquids are coagulation and sedi- 
mentation. In most water works, co- 
agulation and sedimentation go to- 
gether. In sewage works, sedimenta- 
tion without coagulation is the usual 
practice, except where chemical treat- 
ment is used. 

Definitions 

Coagulation is the addition of a 
chemical to water or wastewater, 
whereby it reacts with other chemi- 
cals in or added to the liquid. The 
result is floc, which, by nature will 
enmesh and “sweep out” settleable, 
non-settleable, and colloidal matter in 
the liquid. 

The chemicals used, called coagu- 
lants, must be carefully added in cor- 
rect amounts; this is known as dos- 
ing. After addition of the coagulant, 
it must be thoroughly and quickly 
dispersed throughout the liquid be- 
ing treated; this is known as mixing, 
and is accomplished by stirring de- 
vices. Following dispersion of the 
coagulant, the liquid is slowly stirred 
while the flocs grow in size and pick 
up impurities; this is called floccula- 


Sedimentation is the process by 
which the influence of gravity causes 
particles of suspended matter, and 
flocs to settle out of slowly moving 
or quiescent liquid. The rate of 
movement of the liquid must be slow 
enough to prevent the settled matter 
from being picked-up or resuspended 
by scouring action. Sedimentation is 
sometimes called clarification, but 
clarification generally refers to the 
combination of coagulation and sedi- 
mentation when both are employed. 


Coagulation 
The function, theory, control and 


operation of the coagulation process 
is the same for water and sewage 
treatment and the choice of coagu- 
lants may be the same, although some 
water and sewage plant operators 
have preferences in coagulants. 


Most popular coagulating agents 
are the salts of aluminum and iron. 
Aluminum sulfate, generally called 
“filter alum”, is generally used for 
water treatment. Ferric sulfate has 
been used for both water and sewage 
treatment. Ferrous sulfate (Cop- 
peras) can be used in water treat- 
ment with lime; it is not used in 
sewage treatment. Chlorinated Cop- 
peras is a mixture of ferric sulfate 
and ferric chloride produced by the 
addition of chlorine to ferrous sulfate 
on the site. Ferric chloride is used as 
a coagulant in the dewatering of sew- 
age sludge for vacuum filtration. 
Aluminum chloride has been used for 
sludge dewatering where it is avail- 
able as a waste material. 

As aids to coagulation, other chem- 
icals are sometimes added. One of 
the most effective is activated silica, 
produced at the site from sodium 
silicate and an activating agent such 
as chlorine, alum, carbon dioxide, 
sulfuric acid, etc. 

Factors which influence the coagu- 
lation of turbid and colored waters 
includes: kind and quantity of coag- 
ulant, amount and character of sus- 
pended and colloidal matter, pH of 
water, mixing and flocculation time, 
liquid temperature, violence of agi- 
tation, presence of nuclei, etc. 

The application of the correct 
amount of coagulating chemical is 
done by chemical feed machines, 
which may be controlled manually, 
automatically or paced by the flow 
of liquid. Determination of the prop- 
er chemical dosage is done by coagu- 
lation control tests, commonly called 
jar tests. 


Sedimentation 


The theory of sedimentation, is 
that under the influence of gravity, 
particles heavier than water tend to 
settle downward at a rate which de- 
pends on their size, weight, shape 
and on the resistance, or viscosity, 


of the liquid. 


The purpose of sedimentation 
tanks is to remove as many settleable 
particles as is possible in the time 
available. To accomplish this, tanks 
are designed to produce the lowest 
possible rate of flow through the tank 
during the period of sedimentation. 
The shape of the tank may be cir- 
cular or rectangular and depths may 
vary according to designers’ pref- 
erences. Rate of flow through the 
tank, or the overflow rate, is based 
on the size of the particle to be re- 
moved in the time allotted. 

Some tanks, particularly for use 
in water softening, called upflow- 
clarifiers, utilize vertical up-flow, 
usually through a sludge blanket at 
the bottom. These tanks combine the 
process of coagulation, flocculation 
and sedimentation all in one unit. 

According to the theory of sedi- 
mentation, a particle settles accord- 
ing to its size and specific gravity. 
That fact can be made us of by con- 
trolling the velocity of flow so that 
heavy particles, such as sand, grit, 
etc., will settle out while lighter or- 
ganic particles will be carried on to 
be removed later in sedimentation 
tanks. The design of grit chambers 
is based on this principle of differen- 
tial sedimentation. 


Sludge Removal 


Wherever there is sedimentation 
the mass of solids removed is called 
sludge. Sludge, whatever the kind 
(coagulation, water softening, raw 
sewage, or activated sewage) must 
be removed from the sedimentation 
tanks. To accomplish this removal, 
many modern sewage and water 
plants use continuous sludge removal 
by scrapers. These scrapers operate 
continuously or on a timed cycle to 
move the sludge to a single sump, 
from which it can be pumped to a 
sludge disposal point. The design of 
sludge scrapers is directly related to 
the shape of the sedimentation tank. 
Some sedimentation tanks, the Imhoff 
tank for sewage treatment, and the 
upflow clarifiers utilize hydraulic 
transmission of sludge from sludge 
storage hoppers to point of disposal. 
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Silica Sols in Water Treatment 


® It 1s AN accepted fact that various 
waters possess vastly different char- 
acteristics and no single set of rules 
can be laid down for their general 
treatment. There are, however, cer- 
tain basic fundamentals dealing with 
all water treatment and these are 
worthy of consideration regardless of 
water characteristics the individual 
operator is dealing with in his own 
plant. 


Basic Factors 


Whenever foreign matter is present 
in water, it exists in three possible 
states: In suspensions, In colloidal 
form, or In solution. If the foreign 
matter is present in suspension has a 
particle size sufficiently large or if 
the suspended particles are heavier 
than water, preliminary settling may 
be used. In the case of materials light- 
er than water, such as oils, skimming 
operations may be employed. This 
is followed by coagulation. If the 
foreign matter in the water is in col- 
loidal form, it may be coazulated at 
once. 

If the foreign matter is present 
in solution form, there is the possi- 
bility of chemical treatment to con- 
vert it into an insoluble form follow- 
ing which it may be separated from 
the water by coagulation. When a 
coagulant such as alum or iron salts 
is used, it reacts in the water and to 
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form a floc. The floc particles entrap 
or attract the impurities in the water 
and separate them from the water to 
be removed by subsequent mechanical 
means. 


It is at this point that the use of 
silica sol shows its effect. When the 
coagulant reacts chemically with the 
alkalinity of the water and forms a 
floc, the silica sol attracts small par- 
ticles of this floc together into larger 
sized complexes and makes the co- 
agulation more complete. The silica 
sol, in fact, has the property of mak- 
ing the floc particles heavier and thus 
causes them to settle more quickly 
than they would if formed from the 
coagulant alone. 


Previous remarks have applied to 
the use of silica sol as a coagulant aid 
in conjunction with some other co- 
agulant. In lime softening reactions, 
its function operates somewhat dif- 
ferently. The calcium carbonate 
formed during a softening reaction is 
coagulated, usually by alum, and then 
removed from the water either by 
means of conventional settling basins, 
or by passing through one of the so- 
called up-flow units. It should be 
noted, in regard to this reaction, that 
the calcium carbonate is formed by 
reaction of the lime with the hardness 
of the water. The alum or sodium 
aluminate added to this system pro- 
motes the coagulation of the calcium 


carbonate. The silica sol when used in 
a softening reaction acts similarly to 
alumina as a coagulant itself. There 
are several instances where alum has 
been dispensed with altogether and 
the lime floc has been coagulated with 
silica sol alone. 

In commenting on this reaction, 
Dr. A. P. Black, Research Professor 
of Chemistry, University of Florida, 
Gainesville, Florida, said, “While ac- 
tivated silica sols used in conjunction 
with another coagulant should prop- 
erly be called a coagulant aid, the 
time has come to recognize that it 
may and often does itself act as a 
coagulant in the truest sense of the 
word.” 

The silica sol is not sold as such 
but is prepared by the user from 
sodium silicate mixed with a chemical 
which will react with the alkali of the 
silicate and liberate the silica in sol 
form. There are numerous types of 
sodium silicate on the market, but the 
type preferred, from the standpoint of 
economy and silica content for this 
work is a 41° Baume solution con- 
taining approximately 8.9 percent 
sodium oxide and 28.7 percent silica. 
Various manufacturers identify this 
particular sodium silicate by their 
own trade names. 


Preparation 
This *“N” sodium silicate is first 





s 


SILICATE STORAGE TANK and mixing basin for continuous preparation of 


activated silica with sodium silicate. 


diluted with water in order to pre- 
vent gelation when the reactant is 
added. Separately, the reactant is 
dissolved in water and this is added 
to the silicate solution under condi- 
tions of rapid agitation. A number of 
reacting chemicals can be used for 
this purpose. Among these are am- 
monium sulphate, alum, chlorine, 
sodium bi-carbonate, various mineral 
acids and acid salts. The choice of 
the reactant usually depends on the 
individual requirements and condi- 
tions. After this reaction takes place, 
the solution is allowed to age for a 
predetermined length of time and 
then the sol is diluted to prevent 
progress toward gelation. The sol is 
then ready for use. The above method 
is a description of the so-called “batch 
method” of preparing silica sol. It 
requires the preparation of batches 
periodically as the sol supply becomes 
exhausted. More recently, various 
manufacturers have developed in- 
genious pieces of equipment which 
accurately proportion the silicate, wa- 
ter of solution and dilution, and re- 
actant into a common mixing cham- 


ber at a pre-determined concentra- 
tion after which the sol, thus formed, 
passes through a retention chamber 
and on into the system without fur- 
ther dilution. This eliminates the 
necessity of making batches and as- 
sures continued accurate calibration 
of the various chemicals being com- 
bined to form the sol. The sol, thus 
made, is added to the coagulation sys- 
tem at a point which preliminary 
laboratory tests have indicated most 
advantageous for the operation. 


Laboratory Preparation 


Before activated silica sol is applied 
in a plant operation, the most favor- 
able order of addition of the various 
chemicals and also the proper magni- 
tude of addition, based on the water 
being treated, should be studied in 
the so-called laboratory jar tests. By 
simulating plant conditions of agita- 
tion and settling times available, the 
optimum conditions for the use of 
the chemicals can be ascertained. A 
rough guide to be followed as a start- 


ing point in such silica sol studies is 
as follows: 
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. For most raw waters an average 
of 5 mg/l with a maximum of 
20 mg/l and a minimum of | 
mg/l silica sol. 

. For industrial wastes from 5 to 
25 mg/l silica sol although for 
certain highly concentrated 
wastes possibly a higher figure 
will be found necessary. 

If the dosage is based on the cur- 
rent alum usage, the following ratios 
of silica sol to alum have been found 
generally applicable. 

1. For low turbidities, low water 

temperatures, start with 15 to 
40 percent of the usual alum 
dosage as silica sol. 

. For higher turbidities, or color 
removal, use 5 to 15 percent of 
the usual alum dosage of silica 
sol. 

During such laboratory studies a 
decision as to the reactant to be used 
to neutralize the alkalinity of the 
sodium silicate should be reached. 
This decision will be made on the 
basis of economies, convenience of 
operation and purpose for which the 
water is used. 

It might be pointed out that, among 
the number of possible reactants, am- 
monium sulphate has found favor in 
a number of instances. In the first 
place, it is possible to attain 100 per- 
cent neutralization with this reactant. 
The alkalinity of the silicate is tied 
up as sodium sulphate and both silica 
and ammonia are liberated. If it is de- 
sirable to obtain subsequent steriliza- 
tion by the use of chloramines, this 
ammonia is available to combine with 
chlorine added to the water for the 
production of chloramines to carry 
the sterilization through the system. 
If, however, the water being treated 
is to be used in high pressure boilers, 
there is danger that the ammonia con- 
tent in the water will attack the cop- 
per on the turbine blades, etc., so 
ammonium sulphate, in this instance, 
should be avoided. 

Acids are attractive from the stand- 
point of economy, but they are dif 
ficult and dangerous to handle and 
there is a chance of forming gels un- 
less careful control is exercised. 

Sodium bicarbonate is being used 
in a number of installations, although 
in some territories its cost is rela- 
tively high. 

Probably the greatest interest is 
currently directed to the use of chlo- 
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rine. When the chlorine gas is dis- 
solved it forms hypochlorous and hy- 
drochloric acids. The reaction of the 
hypochlorous acid with the silicate 
gives the same end results as the 
chlorine dissolved in water will pro- 
duce as far as available sterilization 
is concerned, It can be readily recog- 
nized therefore that the chlorine used 
to react with the silicate can be sub- 
stituted for chlorine which would be 
added to the water for strictly steril- 
ization purposes and therefore repre- 
sents an economy as far as chlorine 
being used as a reactant is concerned. 


Application 

Silica sol has proved to be effective 
in water treatment undér a great 
many different conditions. Early 
work was done under conditions of 
relatively high turbidity and here it 
proved itself to be a valuable coagu- 
lant aid. 


Later, in relatively clear highly col- 
ored waters, the silica sol again per- 
formed very satisfactorily. It should 
be emphasized in treating water for 
color removal that the alum should be 
added first to pick up the color and 
the silica sol functions merely to at- 
tract the small alum floc and roll it 
up into a dense more readily settling 
material. By gathering together this 
very fine alum floc, the resultant col- 
or in the clear well often is greatly 
improved. 


In lime softening of waters, the 
silica sol also has been of value. The 
first experiments in its use were con- 
ducted in southern waters which were 
relatively hard and highly colored 
and here activated silica demonstrated 
its utility both with alum and sodium 
aluminate, and sometimes as a coag- 
ulant without the alumina complex 
being present. In northern waters it 
has also shown similar advantages. 
It should be noted that, in this par- 
ticular application, the silica should 
be added before the lime softening 
reaction, and at a point where the 
silica sol and lime will undergo a 
definite turbulence during the soften- 
ing reaction. 


Silica sol has been shown to be ef- 
fective in waters during the winter 
period when chemical reactions are 
slow because of lower temperatures 
and it has improved the quality of the 
water in numerous installations dur- 
ing such periods of difficult coag- 
ulation. 
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waste treatment. 


Activated silica sol has successfully 
removed a high percentage of man- 
ganese from water. At one plant wa- 
ter carring 1.1 mg/l of manganese 
was under treatment. With coagula- 
tion using lime, alum and activated 
silica sol, 95.3 percent of the man- 
ganese was removed in the floc with 
only 4.7 percent depositing on the 
filter. Ten times this amount went on 
the filter when activated silica was 
omitted. 


Summary and Costs 


The advantages resulting from the 
use of activated silica which have 
been reported are as follows: 


1. Improved quality of filtered wa- 
ter. 

2. Reduced raw water color by 
more than 90 percent and re- 
duced turbidity. 

3. Broader effective pH range in 
treatment. 

. Flocculation of widely varied 
waters, including spring run- 
offs or heavy rains. 

. Increased compaction of sludge. 

. Increased length of filter runs, 
use of larger filter media and 
higher filter rates, especially 
during periods of cold water, 
high color. 

. Effective winter and summer 
coagulation. 

. No “after precipitation” of alum 
during cold water periods when 
alum reacts slowly. 

. Reduced chemical cost. 


ctivated silica to coagulate an industrial 


10. Increased equipment capacity ; 
reduced cost of new installation. 


As far as the cost of using silica 
sol is concerned, this will depend on 
the magnitude of use and also to some 
extent on the freight rates on chem- 
icals employed. Common figures for 
approximating this cost of applica- 
tion are 35 to 50 cents per mg/l for 
each mil gal of water treated. Of 
course, this represents a gross cost 
and does not take into consideration 
economies which are often experi- 
enced when silica sol is employed. 
A recent installation in a steel mill 
showed almost a 50 percent reduction 
in water treating cost when activated 
silica sol treatment was started. In 
a municipal water supply, the cost per 
mil gal of water was reduced from 
$41.41 to $20.72. This is not to im- 
ply that there is always monetary 
saving involved, but it is entirely pos- 
sible that the additional cost of silica 
sol is largely offset by economies in 
other chemicals, as well as by im- 
provements in operating efficiencies, 
or in water quality. 

The opportunity of developing a 
fast forming, dense, rapid settling 
floc under varying conditions of tem- 
perature and chemical changes is the 
primary advantage to be obtained by 
the use of silica sol. The use is grow- 
ing not only among industries and 
municipalities for water treatment as 
such, but also among industrial firms 
having waste disposal problems which 
involve coagulation and sedimenta- 
tion. 





Activated Silica 
COAGULANT AIDS 


RAW AND WASTE WATER TREATMENT 


Activated silica (made from N sodium silicate and a 
reactant chemical) used with a regular coagulant forms 
larger, denser, stronger floc and at a faster rate than 
when the coagulant is used alone. Floc enmeshes more 
impurities and suspended matter and settles out rapidly 
to produce clear, sparkling water. Treatment is effective 
with a wide variety of waters and in all popular floc- 
culating and sedimentation equipment. 

Activated silica sol is a dilute solution of sodium sili- 
cate, reacted with acids or acid salts such as sulfuric acid, 
carbon dioxide, ammonium sulphate, alum, chlorine, so- 
dium silicofluoride or sodium bicarbonate. The N-Sol 
Processes, outlined below, were developed by us. Those 
covered by patent are licensed without royalty. 


APPLICATION 





PQ’s N SODIUM 
SILICATE 


Preparation of the silica sol is done at the plant where 
it is used. Introduction into the water system can be made 
either by the “batch method” or by proportioning devices 
some of which continuously and automatically mix and 
feed the activated silica sol. 


PQ ASSISTANCE 


Samples of N sodium silicate (41° Baumé, 8.9% Na:O, 
28.7% SiO:) and directions for making jar tests are avail- 
able on request. PQ engineers are glad to share their 
knowledge in the use of activated silica sol to improve 
water quality. Ask for a copy of bulletin, “Treatment of 
Raw and Waste Waters.” 

Sodium silicates are used also for controlling corrosion 
in water systems. Further information on request. 


REACTANTS REMARKS 





RAW WATER 
Improves quality 
Lengthens filter runs 
Removes high color 
Reduces turbidity 
Removes manganese 
Removes magnesium 
Removes caicium 


N-SOL-A 





(U. S. Pat. 2,444,774) 


Easily prepared, either batch or 
ammonium continuous. Chioramines 

sulphate formed in waters previously 
treated with chiorine. 





Reactant readily available, in- 
expensive. 








WASTE WATER 
Recovers reusable solids N-SOL-C 
Prevents stream pollution 
Clears effluent 


(U. S. Pat. 2,567,285) 


Reactant usually available 
chlorine where sterilization is normal 
practice. 








IN SUCH INDUSTRIES AS: 
Paper 
Petroleum 








Metal Finishing 
Plating 

Food SULFURIC 
Textile 


Used where an alkaline salt 
is desired. For boiler feed water 
where ammonia is not desired. 


sodium 
bicarbonate 








Used where sol of low alkalinity 


sulfuric acid is desired. 





ALSO 


Radio Active Waters SILICOFLUORIDE* 





“Patent spptied for 


PHILADELPHIA QUARTZ COMPANY 
1137 Public Ledger Building + Philadeiphia 6, Pennsylvania 
DISTRIBUTORS IN OVER 65 CITIES 





sodium Na.SiF, available for fluoridation 
silicofiuoride of water. 


PQ SOLUBLE SILICATES 
N-SOL PROCESSES 


PLANTS: ANDERSON, IND. + BALTIMORE, MD. + BUFFALO, NEW YORK « JEFFERSONVILLE, IND. 


CHESTER, PENNA. « KANSAS CITY, KANSAS « RAHWAY, NJ. © ST. LOUIS, MO. + UTICA, ILL. 


TRADEMARKS REG. U.S. PAT. OFF 
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K:ffectiveness of Polyelectrolyte Coagulant Aids 
in Turbidity Removal* 


by A. P. Black, A. |. Ball, A. L. Black, R. A. Boudet, and T. N. Campbell 


A. P. Black, Research Prof., A. |. Ball, Research Asst., A. L. Black, Research Asst., R. A. Boudet, Research 
Research Asst.; all of the Dept. of Chemistry, Univ. of Florida, Gainesville, 
supported by Research Grant RG-4516 from the National Institute of Health, 


Asst., and T. N. Campbell, 
Fla. This investigation was 
USPHS, Washington, D. C. 


V ery recently Cohen (1) reported 
the results of his studies of three 
polyelectrolytes, two of which were 
synthetic organic compounds, one ani- 
onic and the other cationic. The third 
was a naturally derived material ad- 
mixed with clay. He found all of them 
to be effective in varying degree as 
coagulant aids but pointed out that, 
because no natural waters are entirely 
alike and polyelectroiytes, natural and 
synthetic, vary widely in nature and 
composition, it is difficult to general- 
ize on the behavior of these materials. 
The paper includes a survey of the 
literature in this new and interesting 
field and presents valuable data on the 
three materials studied. 

The action of some of these mate- 
rials verges on the spectacular. Others 
are ineffective and in certain situations 
actually inhibit coagulation and retard 
settling. Because of these differences 
in behavior it has been felt that fur- 
ther study of a substantial number of 
these materials might prove worth 
while, not only by providing compara- 
tive data but — more important — by 
throwing additional light on the basic 
mechanisms of coagulation. Accord- 
ingly, this article presents the results 
of a study of seventeen polyelectro- 
lytes, including most of those which 
have been approved to date as non- 
toxic by the USPHS Advisory Com- 
mittee on Coagulant Aids in Water 
Treatment (2). These studies have 
been confined to the effectiveness of 
the materials as coagulant aids in the 
removal of turbidity with alum. A 
later article to appear in the JouRNAL 
will present the results of work now 
in progress on their effectiveness 
when used with alum and ferric sul- 
fate in the removal of organic color 
and also when used in lime or lime- 


*Reprinted by permission from JAWWA 
—(Feb. 1959) 
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soda softening. It is also planned to 
include some preliminary electropho- 
retic data on the effect of these mate- 
rials on zeta potentials. 

Table 1 lists the trade names and 
manufacturers of seventeen materials 
selected for study and alphabetically 
identifies them. Although the chemi- 
cal composition of most of the mate- 
rials was not supplied by the manufac- 
turers, five were probably polymeric 
amides, quite possibly similar to polv- 
acrylamide; one was a polycationie 
polymer in an approximately 1N so- 
dium hydroxide solution; cue was a 
carbohydrate material derived from 
seaweed; one was a specially pro- 
cessed starch ; one was a byproduct of 
wood pulp, composed of ammonium 
lignosulfonates; two were derived 
from guar gum; one was carboxy- 
methyl cellulose; one was a protein 
material; and several contained clay. 
The list includes the three studied by 
Cohen and they are similarly identi- 
fied. 

Experimental Procedure 
The preparation of a stable clay sus- 


pension of colloidal dimensions, from 
which suspensions of known turbidity 
could be prepared in demineralized 
water, was first undertaken. For this 
purpose use was made of several 
standard clays originally collected and 
characterized by the American Petro- 
leum Institute (API) in Research 
Project 49. These clays are no longer 
available from API but 29 of them 
have been collected from the same 
original sources and are believed to be 
identical with those characterized by 
API. A number of these clays were 
obtained for this work and attempts 
made to prepare stable suspensions. 
Those finally chosen were a kaolinite 
(K-4) and an illite (1-35). The il- 
lite was chosen because it yielded a 
fine, slow-settling floc upon the addi- 
tion of alum. This encouraging be- 
cause one of the advantages claimed 
for these coagulant aids is increase 
in floc size. Stock suspensions of the 
two clays were prepared by suspend- 
ing 50-g samples of each in deminer- 
alized water with a food blender. In 
order to improve stability, 25 ml of 





Table 1 


identification of Seventeen Coagulant Aids Studied 





Designation of 


Coagulant Aid 


Anionic A* 
Cationic B* 
Nonionic C* 


aroze” Rk "sO Fe 


Trade Name 


Form 


Manufacturer 





Separan 2610 


Nalco 600 
Jaguar MDC 
Reagent X-309 
Keltex 

Reagent S-3019 
Orzan P 
Reagent 182 
Reagent S-3100 
N Brand Silica 
Drewfloc 
Permutit 65 
Claron 
Cellulose Gum 
Arquad 2HT 
Nalco 2 

Nalco D-1444 


White powder 
Yellow liquid 
Gray powder 
White powder 
White powder 
White powder 
Brown powder 
White powder 
White powder 
Clear liquid 
Gray liquid 
White powder 
White liquid 
White powder 
Brown liquid 
Yellow liquid 
Black liquid 


Dow Chemical Company 
National Aluminate Corporation 
Stein, Hall & Company 
American Cynamid Company 
Kelco Company 

American Cynamid Company 
Crown Zellerbach Corporation 
American Cynamid Company 
American Cynamid Company 
Philadelphia Quartz Company 
E. F. Drew & Company 

The Permutit Company 

Allyn Chemical Company 
Hercules Powder Company 
Armour & Company 

National Aluminate Corporation 
National Aluminate Corporation 








*Also studied by Cohen (1). 
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Settling Time - min 
Fig. 1. Effect of Anionic A on Settling of Alum 
Floc With 100 mg/I! 1-35 Clay. Curves A, B, and 
C represent runs made with 0, 4, and 5 mg/! 
Anionic A, respectively; alum concentrations in 
all three tests were 10 mg/l. 








0.1M NagP2O; was added to the I-35 
and a lesser volume, 10 ml, to the 
more stable K-4. The concentration 
of P,O;* ion in the diluted suspen- 
sions used for this group of jar tests 
did not exceed 2 mg/l. Even with 
this method, suspensions were not 
completely stable, nor were alum 
dosages reproducible. This should be 
recalled in interpreting the experi- 
mental results. 

The original turbidity was measured 
with a Jackson candle turbidimeter, 
although after the strength of the 
original standard suspension had been 
adjusted by this method a photome- 
ter* was used for measuring turbidi- 
ties. This instrument employs a 15- 
cm light path. A 650-my filter was 
used. The standard clay suspensions 
were prepared in 55-gal batches and 
kept in suspension in a polyethylene 
drum equipped with a stirrer. 

Before beginning the tests it was 
thought desirable to attempt to evalu- 
ate the variables involved in the jar 
test. The five variables checked were : 
[1] the rate of addition of alum solu- 
tion—that is, very rapidly or by drops ; 
[2] the rate of stirring; [3] the size 
of samples and shape of jars; [4] the 
length of stirring time; and [5] the 
age and concentration of the alum 
solutions. 

None of the variables investigated 


*Lumetron, Model 450; a product of the 
Photovolt Corporation, New York. 
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Fig. 2. Effect of Anionic A on Settling of Alum 
Floc With 100 mg/! K-4 Clay. Curves A, B, and 
C represent runs made with 0, 2.5, and 6.25 
mg/l Anionic A, respectively; alum concentra- 
tions were 12.5 mg/I! in each test. 


made a significant difference in the 
final turbidity obtained for a given 
dosage. Therefore, the method adopted 
in running jar tests for turbidity re- 
moval was as follows: 

One-liter samples of demineralized 
water containing 100 mg/l] turbidity 
were placed in square jars of 1,500-ml 








Turbidity — ppm 
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Settling Time —min 


Fig. 3. Effect of Cationic B on Settling of Alum 
Floc With 100 mg/I 1-35 Clay. Curves A, B, C, 
and D represent tests made with 3, 6, 0, and 
4 mg/I Cationic B, respectively; alum concentra- 
tions were 11 mg/l in each test. 
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capacity. The previously determined 
minimum dosage of alum necessary to 
produce a floc was first added, followed 
by increased dosages of the coagulant 
aid being studied. The coagulant aid 
was added a minute after the alum 
solution. This was standard proce- 
dure. It is possible that in some cases 
better results might have been ob- 
tained had the order of addition been 
reversed. All tests were run at a tem- 
perature of 24-26°C. No rapid mix- 
ing was employed, all jars being 
stirred for 30 min at 40 rpm. 

The method used for simultane- 
ously withdrawing six samples by 
suction, one from each jar, at 1-, 5-, 
and 30-min intervals, was that devised 
by Cohen (3). The criteria used in 
evaluating the action of the various 





Table 2 
Effectiveness of Varying Dosages of 
Alum and Cationic B on Turbidity 
Removal 





Alum Cationic B 


mg/! 


Turbidity—mg/I 


mg/l 1 min 5min 30min 





6.0 0.0 19.1 18.4 16.8 
6.0 5.0 5.0 5.3 4.5 
3.0 0.0 100.0 98.4 96.0 
3.0 5.0 4.0 3.4 
2.0 0.0 88.0 88.0 
2.0 6.0 3.0 3.0 
1.0 0.0 98.0 96.0 
1.0 12.0 4.5 2.2 





Turbidity — ppm 


10 15 20 25 30 
Settling Time = min 


Fig. 4. Effect of Cationic B on Settling of Alum 
Floc With 100 mg/I K-4 Clay. Curves A, B, and 
C represent runs made with 0, 3, and 6 mg/I 
Cationic B, respectively; alum concentrations 
were 3 mg/l in each test. 
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coagulant aids were the character and 
rate of settling of the flocs and the 
turbidity of the settled waters. 


Discussion of Results 

For each day suspension the mini- 
mum alum dosage required for mar- 
ginal flocculation was_ established. 
Marginal flocculation is defined as the 
first appearance of floc, and not that 
obtained for maximum settling and 
turbidity removal. With this mini- 
mum alum dosage for each jar test 
conducted, varying amounts of several 
coagulant aids were added. It must 
be realized that the minimum alum 
and coagulant aid dosages varied 
slightly with the age of the stock clay 
suspensions. For each coagulant aid 
tested, a graph is presented on which 
the settling rate is plotted against the 
final turbidity.* Each graph also car- 
ries a note giving the dosages of alum 
and coagulant aid employed in the 
test. The following discussion of the 
coagulant aids tested outlines the 
range of dosages employed and their 
effects on the settling rate and final 
turbidity of the clay suspensions. 

Anionic A was extensively studied 
on both clays to provide a basis for 
comparison with results obtained by 
Cohen (1) on naturally turbid waters 
and to compare the effects of various 
alum dosages on the amount of 
Anionic A needed for maximum tur- 
bidity removal. Increase in dosage 
from 0.5 to 7.5 mg/l Anionic A in- 
creased the settling rate and floc size 
and decreased final turbidity when 
dosages of 7.0-20.0 mg/1 of alum were 
added to produce marginal floccula- 
tion. At a given alum dosage, in- 
creased amounts of Anionic A con- 
sistently gave increased settling rates 
and turbidity removal. Figures 1 and 
2 are typical of these results. 

Cationic B acted as a true coagulant 
when used with the K-4 clay suspen- 
sion. A dosage of 60.0 mg/I was re- 
quired to reduce the K-4 clay suspen- 
sion to a turbidity of less than 10 mg/1, 
however. Figure 3 indicates that in- 
creased dosages of Cationic B did lit- 
tle to improve either the settling rate 
or final turbidity. The data indicate 
that an optimum dosage of 4.0 mg/1 
Cationic B must be used with alum 
for maximum settling rate and tur- 
bidity removal. Because it had been 


*Throughout the illustration, final tur- 
bidities are expressed in parts per million, 
this being the unit most commonly used in 
plant practice. 
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10 15 20 25 30 
Settling Time - min 
Fig. 5. Effect of Coagulant Aid on Settling of 
Alum Floc With 100 mg/I 1-35 Clay. Curves A, 
B, C, and D represent runs made with 10, 0, 1, 
and 2 mg/! Coagulant Aid C, respectively; alum 
concentrations were 10 mg/I in each test. 


found that Cationic B was a true co- 
agulant, varying dosages of this co- 
agulant aid and alum were used in 
jar tests. The dosage of alum was 
varied between 1.0 and 6.0 mg/l, 
whereas that of Cationic B was varied 
between 0.25 and 13.0 mg/l. Some 
of the results are presented in Table 2. 

With I-35, Cationic B was not 
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Fig. 7. Effect of Coagulant Aid D on Setling of 
Alum Floc With 100 mg/I 1-35 Clay. Curves A, 
B, C, and D represent runs made with 3.0, 0.0, 
0.25, and 0.75 mg/! Coagulant Aid D, respec- 
tively; alum concentrations were 8.0 mg/I for 
each test. 
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0 5 10 15 20 25 30 
Settling Time - min 
Fig. 6. Effect of Coagulant Aid D on Settling of 
Alum Floc With 100 mg/l K-4 Clay. Curves A, 
B, and C represent runs made with 2, 0, and 
0.25 mg/I Coagulant Aid D, respectively; alum 
concentrations in each test were 3 mg/l. 


found to be a true coagulant in dos- 
ages up to 70.0 mg/Il. Therefore, 9.0- 
18.0 mg/l alum was added to cause 
marginal flocculation. The coagulant 
aid was used in dosages between 1.0 
and 7.0 mg/l. Although improved set- 
tling rates and final turbidities were 
observed with low dosages, the effects 
were not as marked as with K-4. At 
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Fig. 8. Effect of Coagulant Aid E on Settling of 
Alum Floc With 100 mg/l K-4 Clay. Curves A, B, 
C, and D represent runs made with 10, 1, 0.5, 
and 0.0 mg/I Coagulant Aid E, respectively; 
alum concentrations were 3 mg/I for each test. 
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Fig. 9. Effect of Coagulant Aid E on Settling of 
Alum Floc With 100 mg/I 1-35 Clay. Curves A, 
B, C, D, and E represent runs made with 0.0, 
0.5, 1.0, 2.0, and 3.0 mg/! Coagulant, Aid E, 
respectively; alum concentrations were 10 mg/! 
for each test. 


higher dosages, Cationic B inhibited 
rather than increased the settling rate 
and removal of final turbidity. This 
is shown in Fig. 4. 

Coagulant Aid C was tested on clay 
I-35 in dosages of 1.0-10.0 mg/l. The 
addition of 1.0-4.0 mg/l Coagulant 
Aid C improved the settling rate and 
final turbidity removal with a mini- 
mum amount of alum. However, in 
dosages from 5.0 to 10.0 mg/I Coagu- 
lan Aid C inhibited floc formation. 
Figure 5 indicates the results ob- 
tained. 

Coagulant Aid D was tested on clay 
K-4 in dosages of 0.25-3.0 mg/l. 
With dosages of 0.25-1.0 mg/I this 
coagulant aid improved the settling 
rate and final turbidity, the optimum 
dosage being 0.5 mg/l. With dosages 
of 1.0-3.0 mg/l, Coagulant Aid D pro- 
duced progressively more floc inhibi- 
tion. Figure 6 shows the optimum 
results obtained with this aid. Coagu- 
lant Aid B was also tested on clay I-35 
in dosages of 0.25-3.0 mg/l. A nar- 
rower range of optimum dosage was 
obtained—that is, 0.25-0.50 mg/1. 
Dosages of 0.75-3.0 mg/I yielded suc- 
cessively decreasing settling rates and 
higher turbidities, as shown in Fig. 7. 

Coagulant Aid E was used with 
both K-4 and I-35 clays. With the 
K-4 suspension, Coagulant Aid E did 
not aid coagulation in concentrations 
of 0.5-10,0 mg/l. In fact, inhibition of 


coagulation was increased in propor- 
tion to the amount of the aid that 
was added. This is clearly shown in 
Fig. 8. 

With clay suspensions of I-35, in- 
creased dosages of 0.5-5.0 mg/I of the 
coagulant aid gradually improved the 
settleability and final turbidity of the 
samples. Figure 9 gives these results. 

Coagulant Aid F was tested on I-35 
in dosages of 0.2-10.0 mg/l. The 
addition of 0.2-1.0 mg/l slightly aided 
coagulation. When 1.0-10.0 mg/1 was 
added, it acted as a dispersant. This 
dispersing action increased with in- 
creased dosage. Figure 10 represents 
these results. 


Coagulant Aid G, in dosages of 0.1- 
10.0 mg/1, was not effective in coagu- 
lating I-35. Figure 11 is typical of 
the results of such tests and indicates 
that increased dosages decrease settle- 
ability and final turbidity. 


Tests on Sodium-Saturated I-35 


Cohen, in his experiments with 
three polyelectrolytes (1), found that 
one of them was not effective in a 
soft, prepared laboratory water but 
was quite effective in five natural 
waters and in prepared water con- 
taining calcium hardness. The fore- 
going experiments were carried out 
with clays suspended in deionized 
water to which a small amount of so- 
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Fig. 11. Effect of Coagulant Aid G on Settling 
of Alum Floc With 100 mg/I 1-35 Clay. Curves 
A, B, and C represent runs made with 3, 4, and 
0.0 mg/! Coagulant Aid G, respectively; alum 
concentrations were 8 mg/I in each test. 


dium pyrophosphate was added to im- 
prove the stability of the suspensions. 
The data, however, although useful in 
comparing the behavior of various co- 
agulant aids under these conditions of 
use, do not necessarily indicate what 
the result would be if they were used 
with waters containing hardness and 
dissolved salts. It was therefore de- 
cided to repeat the work with these 
and other coagulant aids under condi- 
tions more nearly like those in the 
average water plant. Accordingly, a 
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Fig. 10. Effect of Coagulant Aid F on Settling of Alum Floc With 100 mg/I 1-35 Clay. Curves 
A, B, C, D, and E represent runs made with 0, 1, 3, 5, and 10 mg/! Coagulant Aid F, respec- 
tively; alym concentrations were 9 mg/I in each test. 
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Fig. 12. Effect of Anionic A on Final Turbidity. 
The curve shows the effect of various concentra- 
tions of the coagulant aid in solutions with 4 
mg/I alum after 30-min settling. 


water was prepared from calcium 
chloride and sodium bicarbonate hav- 
ing the composition given below: 


Concentration 
Item ppm 

Calcium ion (Ca) 25 

Sedium ion (Na) 19 

Bicarbonate (HCO%) 50 

Chloride ion (Cl) 44 

Carbonate hardness (CaCO®) 41 

Noncarbonate hardness (CaCO*) 22 

Total hardness (CaCO®) 63 
Synthetic turbid water was prepared 
in 50-gal batches by suspending sodi- 
um-saturated clay I-35 in this water. 

Special emphasis was given to the 
preparation of the I-35 before its sub- 
sequent suspension in the mineralized 
water. The clay was first ground to a 
fine powder, placed in a saturated 
NaCl solution, and permitted to satu- 
rate thoroughly by mixing at a high 
speed in a blender for 2 hr, which 
greatly increased the exchange of so- 
dium ions for the clay cations. The 
suspension was then dialyzed to pep- 
tize the clay until a specific conduct- 
ance of 60 micromhos per centimeter 
was obtained. This suspension was 
then centrifuged at about 1,500 rpm 
for 15 min to remove all large parti- 
cles, which insured a suspension of 
more uniform particle size, and was 
added to the synthetic water. The 
sodium saturation procedure provides 
a more stable clay suspension and 
eliminates the highly-negative, colloid- 
stabilizing P.O; anion. 

Three of the coagulant aids, repre- 
sentative of the anionic, cationic, and 
nonionic groups, were first used on 
the synethic water. Six additional aids 
were used to determine their effects 
on turbidity removal. In each case the 
minimum alum dosage required to 
produce marginal flocculation was es- 
tablished. In spite of careful prepara- 
tion of the clay suspension, aging of 
the suspension caused variations in the 
alum dosage. The clay suspension 
was prepared and stored in a 55-gal 
polyethylene container equipped with 
a stirrer. 
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The amount of turbidity was initi- 
ally evaluated nephelometrically by a 
special nephelometer attachment on 
the photometer. Although this light- 
scattering recorder provided a sensi- 
tive index for measuring relative 
numbers of suspended particles in 
the water, no reliable primary col- 
loidal standard was available for ac- 
curate standardization of the instru- 
ment. Samples read on and reported 
from the nephelometer attachment in- 
dicate only comparative data. There- 
fore, a reproducible method for evalu- 
ating low turbidities in water against 
a primary standard was adopted by 
using a spectrophotometer* equipped 
with a 10-cm cell. Turbidities were 
measured at 420 mp, a wavelength of 
maximum light scattering, and results 
are expressed in parts per million. 

The experimental procedure fol- 
lowed in these experiments was simi- 
lar to that used in the first series ex- 
cept that turbidities were read at 10- 
and 30-min intervals. 


Discussion of Results 
The following discussion is limited 


*Model DU; a product of Beckman In- 
struments, Inc., Fullerton, Calif. 
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Fig. 14. Effect of Nonionic C on Final Turbidity. 
Curves A and B represent runs made with 10- 
and 30-min settling, respectively; alum concen- 
trations were 7 mg/l! for both tests. 
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Fig. 16. Effect of Coagulant Aid E on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling, respectively; alum 
concentrations were 7 mg/I for both tests. 
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Cationic B-mg/! 
Fig. 13. Effect of Cationic B on Final Turbidity. 
Curves A and B represent runs made with 10- 
and 30-min settling, respectively; alum concen- 
trations were in both tests 8 mg/l. 





to the effects of varying increments 
in the coagulant aid dosages used in 
conjunction with a minimum dosage 
of alum to produce marginal floccula- 
tion. In the graphs, dosages of coagu- 
lant aid are plotted against turbidity. 
Curves are shown for both 10-min and 
30-min settling times. 

Anionic A dosages in the range 
0.25-3.0 mg/l were employed and the 
results obtained were similar to those 
obtained by Cohen. It was most ef- 
fective in increasing floc size and re- 
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Fig. 15. Effect of Coagulant Aid E on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling, respectively; alum 
concentrations were 7 mg/I for both tests. 
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Fig. 17. Effect of Coagulant Aid G on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling, respectively; alum 
concentrations were 7 mg/I in both tests. 
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Fig. 18. Effect of Cecagulant Aid J on Final 
Turbidity. Curves A and B represent runs made 
with 101 and 30-min sett.ing, respectively; alum 
concentrations were 7 mg/l in both tests. 


ducing turbidity in dosages of less 
than 0.5 mg/l. In this range floc for- 
mation was spectacular and the floc 
could be described as immense. In the 
dosage range 0.5-3.0 mg/l, floc parti- 
cles were fewer in number, but those 
that did form were fairly large, similar 
to those formed in the previous work 
with demineralized water, and settled 
well. As shown in Fig. 12, however, 
after a 30-min settling turbidities in- 
creased with increasing dosages up 
to the highest used, 3.0 mg/1. 
Cationic B dosages of 0.25-3.0 mg/l 
were used, and in this dosage range 
results were similar to those obtained 
by Cohen. With dosages of less than 
1 mg/l, floc formation was improved, 
settling was good, and final turbidities 
lowered. In dosages from 1.0-3.0 
mg/I, however, floc formation and set- 
tling were not so good, and both 10- 
and 30-min turbidities, although lower 
than the alum controls, were higher 
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Fig. 19. Effect of Coagulant Aid K on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling, respectively; alum 
concentrations were 7 mg/! in both tests. 


than those obtained with dosages of 
less than 1.0 mg/l. In the tests with 
clay suspensions in demineralized wa- 
ter, this coagulant aid was found ca- 
pable of producing flocculation alone. 
This test was not made with the syn- 
thetic water, but there is no reason to 
believe that its action would differ. 
The data are shown graphically in 
Fig. 13. 

Nonionic C, according to prelimi- 
nary tests, was extremely effective in 
small dosages, and its action was 
therefore studied in the dosage range 
0.02-1.0 mg/1. Over this entire range, 
final 30-min turbidities were almost 
identical, not only indicating the ef- 
fectiveness of this aid in extremely 
low concentrations, but also that in- 
creasing amounts show no inhibiting 
action. Even more surprising, tur- 
bidities after a 10-min settling were 
almost as low as after 30 min. and 
at a dosage of 0.2 mg/l, minimum 
turbidity was obtained in a 10-min 
settling period. Flocs were large and 
well formed and settled rapidly. The 
data are shown in Fig. 14. 


Coagulant Aid E was tested in 
dosages 0.2-2.5 mg/l. Increased 10- 
min settling was observed in this 
range for alum alone, 0.2 mg/l being 
the optimum dosage. The floc here 
was very large, settling was rapid, 
and clarification was good. With 30- 
min settling, dosages of 1.5-2.5 mg/l 
gave higher final turbidities than the 
alum control. These results are shown 
in Fig. 15 and 16. — 


Coagulant Aid G was tested in 
dosages of 0.2-2.5 mg/l. Within this 
entire range floc formation was in- 
hibited, settling was poor, and turbidi- 
ties higher than with the alum control. 
This is shown graphically in Fig. 17. 

Coagulant Aid J was tested over an 
unusually broad range of dosages, 
from 1.0 to 10.0 mg/l. Its behavior 
with I-35, a clay that is difficult to co- 
agulate, was not impressive. In low 
dosages floc formation was good, but 
settling was only fair. Higher dosages 
peptized the floc. In all dosages 
tested, 30-min turbidities were higher 
than with the alum control. A few 
tests were made by adding the aid 
after the alum floc was well formed. 
In these tests the floc particles were 
strengthened and settling was im- 
proved, but 30-min turbidities re- 
mained higher than the control. The 
results are shown graphically in Fig. 
18. 
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Fig. 20. Effect of Coagulant Aid L on Final 
Turbidity. After addition of 2.0 mg/I Coagulant 
Aid L final turbidities were practically identical 
for both 10 -and 30-min settling, and r ined 
at nearly the same level with the addition of 
larger amounts of the aid. Curves A and B rep- 
resent 10- and 30-min settling, respectively. 





Coagulant Aid K was tested in dos- 
ages of 0.2-4.0 mg/l. Its behavior was 
somewhat unusual. In the low dosage 
range of 0.2-1.0 mg/l, floc formation 
was inhibited and 30-min turbidities 
were higher than in the control. In 
the intermediate dosage range of 
1.0-3.5 mg/l, 30-min turbidities were 
lower than in the control, but: when 
the dosage was increased to 4.0 mg/I 
final turbidity sharply increased. This 
is shown graphically in Fig. 19. 

Coagulant Aid L was tested in the 
fairly wide dosage range of 0.2-6.0 
mg/l, and most pronounced results 
were obtained in the low dosage range. 
Figure 20 shows that the curve of 
10-min turbidities dropped sharply in 
the dosage range of 0.2-20 mg/l, 
whereas the 30-min turbidity curve is 
practically flat in this dosage range. 
With dosages of 2.0-6.0 mg/I final 
turbidities for 10- and 30-min settling 
periods were identical. In other 
words, the outstanding characteristic 
of this aid is that in all dosage ranges 
tested it produced a floc which settled 
rapidly. 
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Fig. 21. Effect of Coagulant Aid M on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling, respectively; alum 
dosages were 3 mg/l in both tests. 
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Coagulant Aid M was tested in dos- 
ages of 0.2-4.0 mg/l. In dosages of 
up to 2.0 mg/I this aid produced flocs 
which settled poorly. Ten-minute tur- 
bidities were substantially higher than 
in the control. With dosages of 2.0- 
4.0 mg/I settling was more rapid. The 
30-min settling curve was practically 
flat. Throughout the entire dosage 
range, final turbidities were slightly 
lower than in the alum control. This 
is shown in Fig. 21. 

Coagulant Aid N was tested in dos- 
ages of 0.2-4.0 mg/l and its behavior 
was quite unusual. It was most ef- 
fective in aiding floc formation, set- 
tling, and turbidity removal at a dos- 
age of only 0.2 mg/l. In the dosage 
range of 0.2-1.5 mg/l, floc formation 
was inhibited and 30-min turbidities 
were higher than in the control, the 
difference increasing with increasing 
dosages of the aid. The curves of Fig. 
22 indicate that a point of maximum 
inhibition of coagulation was reached 
at a dosage of 1.5 mg/l, beyond which 
there was some improvement; how- 
ever, 30-min turbidities in the range 
were substantially higher than in the 
control. 

Coagulant Aid O was tested in the 
dosage range of 0.5-2.5 mg/l and, as 
indicated by the two curves of Fig. 23, 
it had little or no effect on floc forma- 
tion, settling, or final turbidity. The 
material was viscous and sticky. Flocs 
were small and settling was poor. 

Coagulant Aid P was tested in dos- 
ages of 0.2-4.0 mg/I and its behavior 
was similar to Coagulant Aid N. Like 
the latter, it aided floc formation and 
produced a better settling floc and 
lower final turbidity in dosages of less 
than 1 mg/l. The 10-min settling 
curve of Fig. 24 shows that, as with 
Coagulant Aid N, a point of maxi- 
mum inhibition of floc formation was 
reached at an intermediate dosage, in 
this case 2.0 mg/l, after which im- 
proved performance was noted. This 
area of floc inhibition is not so notice- 
able in the 30-min settling curve, but 
was definitely present. 

Coagulant Aid Q was tested in the 
dosage range of 0.2-4.0 mg/I and in 
this range it was not particularly ef- 
fective. The flocs formed were small 
and settled poorly, but up to a dosage 
of approximately 1.5 mg/1 turbidities 
were somewhat lower than in the con- 
trol. At a dosage of more than 1.5 
mg/l, however, turbidities increased 
and at the higher dosages they were 
greater than they were in the control. 


W.&S.W.—REFERENCE NUMBER—1960 








8 














3 





Turbidity — ppm 











0 i L 
0 1.0 2.0 3.0 40 
Coagulant Aid - mg /1 


Fig. 22. Effect of Coagulant Aid N on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling respectively; alum 
dosages were 3 mg/I in both tests. 





Figure 25 is a graphical presentation 
of data for tests with Coagulant Aid 
Q. 


Discussion 


The seventeen materials studied 
varied widely in nature and in com- 
position. Some of them consisted en- 
tirely of polyelectrolyte which, in some 
cases, was naturally derived and in 
other cases synethic. Others appeared 
to be mixtures of polyelectrolyte and 
inorganic material, some of which ap- 
peared to be inert and insoluble. What 
this means in practice is that a method 
of solution or suspension that will be 
work with another. Unless extremely 
high mixing velocities are employed, 
some of the natural polyelectrolytes 
have a tendency to form gummy balls 
which cannot be dispersed by further 
agitation. Such materials are not avail- 
able as coagulant aids. Furthermore, 
solutions of some of these materials 
develop high viscosities at low con- 
centrations so that unusually large 
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Fig. 23. Effect of Coagulant Aid O on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling respectively; alum 
dosages were 7 mg/l in both tests. 


volumes of water must be used to sus- 
pend them. Most of them appear to 
exert maximum activity if the period 
of hydration is prolonged with good 
stirring. Deteroration of aged sus- 
pensions of the natural polyelectroly- 
tes was observed in the absence of a 
preservative, but this would not pre- 
sent a problem in usual plant practice. 

No attempt has been made in these 
studies to evaluate the materials on a 
cost basis, although the authors have 
tried to limit the dosages used to those 
which would be economical in actual 
practice, keeping in mind, as was 
pointed out by Cohen, that benefits to 
be derived from the use of some of 
these materials may well override con- 
siderations of cost. 

The USPHS has established the 
Technical Advisory Committee on 
Coagulant Aids for Water Treatment, 
whose primary function is to review 
all aspects of toxicity concerning the 
use of these materials in municipal 
water supplies. This study has, how- 
ever, not been limited to investigation 
of the relatively few nontoxic aids 
which have been approved to date by 
that committee (2), because toxicity 
would not ordinarily constitute a prob- 
lem in the treatment of industrial 
waters. 


Conclusions 


This article presents the results of 
studies of the effectiveness of seven- 
teen coagulant aids in the removal of 
clay turbidity by coagulation with 
alum. In the first part of the work 
two different clays—one easy and one 
difficult to coagulate—were suspended 
in determinalized water. In the second 
part of the work the clay that was 
difficult to coagulate was sodium satu- 
arted and suspended in a synthetic 
water of moderate mineral content. 
The following conclusions may be 
drawn from the data presented. 

1. These materials vary widely in 
their effect on floc formation. At 
least one of them, used in conjunction 
with alum, forms immense floc parti- 
cles. Several produced flocs which 
were large and well formed; others 
produced flocs which were small and 
dense ; a few gave floc particles which 
were very fine and poorly formed; 
and at least two of them inhibited or 
entirely prevented floc formation. 

2. The type of settling observed 
varied from very poor to excellent 
with many intermediate gradations, 
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Fig. 24. Effect of Coagulant Aid P on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min settling respectively; alum 
dosages were 7 mg/I in both tests. 


In general, large, well formed flocs 
settled well and turbidity reduction 
was good. There were tests, however, 
in which large flocs settled poorly and 
small dense flocs settled fairly well. 

3. Most of the materials tested 
were effective to a greater or lesser 
degree in reducing the turbidity of the 
settled water to values below the cor- 
responding controls. Some of them, 
however, had little effect, and a few 
so inhibited flocculation that final tur- 


bidities were much higher than in the 
controls. 

4. Most of the materials tested 
were effective in low concentrations— 
many of them in fractions of 1 mg/l. 
Increased dosages in some tests 
showed increased benefits, in others 
little or no benefit, and in still others 
actual inhibition of coagulation. 

5. The order of addition of the co- 
agulant and the aid was found to be 
important; in most of this work the 
aid was added a minute after addition 
of the alum. When the effectiveness 
of a coagulant aid on a given water is 
being studied, this point should always 
be checked, because some of them may 
assist in floc formation and others may 
merely strengthen or increase the size 
of floc after it has been formed. 

These conclusions are essentially 
the same as those reached by Cohen 
in his recent study of the effectiveness 
of three of these materials on turbidity 
removal by alum coagulation. Their 
effectiveness in very small dosages, 
and the rather spectacular results ob- 
tained in some tests by his and the 
, present research, would imply that co- 
agulant aids would probably be effec- 
tive also in color removal with alum 
or ferric sulfate and in the coagulation 
and settling of the sludge produced in 
lime-soda softening. Accordingly, a 
study is underway of the action of 23 
of these materials on those treatment 
processes. Results obtained to date 
indicate that some of them are much 
more effective in color removal or 
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Fig. 25. Effect of Coagulant Aid Q on Final 
Turbidity. Curves A and B represent runs made 
with 10- and 30-min. settling respectively; alum 
dosages were 8 mg/I in both tests. 


lime-soda softening than in turbidity 
removal, although with others the re- 
verse is true. Several of them may be 
used as the only coagulant for lime- 
soda-softening sludges, and in dosages 
far smaller than those necessary for 
the coagulants customarily employed. 
Electrophoretic studies are also being 
made in an attempt to explain the dif- 
ferences in results obtained with these 
materials. The data obtained should 
add to the understanding of the basic 
mechanisms of coagulation. 
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Hypochlorites: Materials and Handling 


by EDMUND J. LAUBUSCH 


Technical Manager, The Chlorine Institute, Inc., New York, N. Y. 


What are Hypochlorites? 


Hypochlorites are salts of hypoch- 
lorous acid, and they are numerous 
in number. This discussion is limited 
to the two principal hypochlorite 
salts used for sanitary environmental 
control: calcium hypochlorite and 
sodium hypochlorite, of which there 
are several chemical grades and pro- 
prietary forms available. 

Calcium hypochlorite materials pop- 
ularly employed in water and waste 
treatment processes are chemically 
different from those materials that 
have been variously marketed for 
many years as bleaching powder, 
chloride of lime or chlorinated lime. 
The latter are not calcium hypoch- 
lorite, Ca(OC1)2, but consist of a 
relatively unstable mixture of com- 
pounds, largely calcium oxy-chlor- 
ide. The materials now in common 
use for disinfection, oxidation and 
other sanitary purposes are so-called 
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dry, high-test calcium hypochlorite 
containing approximately 70 per cent 
available chlorine. 


Sodium hypochlorite, NaOCl, be- 
cause of its commercial availability 
only in solution, enjoys less popu- 
larity in municipal water and waste 
treatment applications, but is used 
fairly extensively as a swimming 
pool disinfectant and for general san- 
itizing purposes. The chemical com- 
position and impurities concentration 
of sodium hypochlorite bleach solu- 
tions vary considerably. In general, 
however, marketed products contain 
up to about 20 per cent available 
chlorine at the time of packaging. 
Irrespective of the source of these 
products, all are unstable to some 
degree, and especial care during their 
manufacture, storage and handling is 
essential if a reasonable disinfecting 
capacity is to be maintained. 


Manufacture and Availability 

Hypochlorite production can in- 
volve simple or complex chemical 
reactions depending on the character- 
istics and quality of end product de- 
sired. High-test calcium hypochlor- 
ites can be manufactured by adding 
to a sodium hydroxide-hydrate lime 
slurry under very carefully controlled 
conditions. Sodium hypochlorite so- 
lutions frequently are manufactured 
by the relatively simpler reaction of 
passing chlorine into a caustic soda 
solution. 

Dry high-test calcium hypochlorites 
intended for sanitary uses are manu- 
factured in the U. S. principally by 
three companies: Columbia-Southern 
Chemical Corp., marketed under the 
trade names Pittchlor and Pit-Tabs; 
Olin Mathieson Chemical Corp., mar- 
keted under the trade name H T H; 
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Table | 
Preparation of Standard Soduim Hypochlorite (Soda) 
Bleach Solutions’* 





Solution Strength Equivalent 
Chlorine 


Concentration 





Trade% Weight, 
Available Available 
Chlorine Chlorine g/L 


0.98 10 
1.95 20 
2.9 30 
3.8 40 
4.7 50 
5.5 60 
6.4 70 
7.2 80 
8.0 90 
8.8 100 
9.5 110 
10.3 120 
11.0 130 
11.7 140 
12.4 150 
13.1 160 
13.8 170 
14.4 180 
19 15.1 190 
15.8 200 


mg/L 
10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 
100,000 
110,000 
120,000 
130,000 
140,000 
150,000 
160,000 
170,000 
180,000 
190,000 
200,000 





on owntk WN — 





Lb Chlorine Gas Gal Bleach er Bleach solution 
per 100 gal 
bleach* 


| Ib availab 


chlorine 


NaOCl s9.@ 
Weight, 70°F 
1.0 1.01 
2.03 1.03 
3.00 1.04 
3.94 1.06 
4.87 1.07 
5.76 1.08 
6.64 1.10 
7.50 1.1 
8.34 1.13 
9.16 1.14 
| 
| 





8.3 
16.7 
25.0 
33.4 
41.7 
50.0 
58.4 
66.7 
75.1 
83.4 
91.7 
100.1 
108.4 
116.8 
125.1 
133.4 
141.8 
150.1 
158.5 
1668 


10.05 15 
10.76 17 
11.53 1.18 
12.58 1.20 
13.03 1.21 
13.75 1.22 
14.45 1.24 
15.14 1.25 
15.83 1.26 
16.50 1.27 





*Grams/liter available chlorine desired x 0.834 


and, Pennsalt Chemicals Corp., mar- 
keted under the trade name Perchlor- 
on and Chlor-Tabs. These products, 


all of which contain a minimum of 70 
per cent available chlorine, are avail- 
able in powdered or granular form, 
generally in 3.75 or 5 pound reseal- 


able cans (devoid of sealing com- 
pounds) or 100-lb steel drums; and, 
in tablet form, in 3.75 or 7.5 pound 
resealable cans. 

Sodium hypochlorite solutions are 
manufactured by hundreds of com- 
panies throughout the country, some 





Table 2 
Preparation of Standard High Test Hypochlorite (Lime) 
Bleach Solutions‘ 





Solution 


Strength 
Trade Per Cent 
Available Chlorine g/L 


Equivalent Chlorine 
Concentration 


70% Hypochlorite per 
100 gal Bleach 


mg/L Ib 





5 5,000 5 
10 10,000 1 
15 15,000 17 
20 20,000 23 
25 25,000 29 
30 30,000 35 
35 35,000 4\ 
40 40,000 47 
45 45,000 53 
50 50,000 59 
55 55,000 65 
60 60,000 71 
65 65,000 77 
70 70,000 83 
75 75,000 89 
80 80,000 95 
85 85,000 
90 90,000 
95 95,000 


100 


100,000 





W.&S.W.—REFERENCE NUMBER—1960 


large and many very small. The chlor- 
alkali industry, per se, is not a large 
liquid hypochlorite manufacturer. 
Chlorine producers usually sell caus- 
tic soda and chlorine raw materials 
to dealers and other chemical pro- 
ducers. Some hypochlorite manufac- 
turers ship the material in tank-truck 
quantities for direct use or repack- 
aging into smaller containers. The 
clear, light-yellowish liquid is pack- 
aged in glass, earthenware or poly- 
ethylene carboys of various sizes, or 
in rubber-lined drums, usually rang- 
ing from about 1 to 50 gallons. 


Available Chlorine 


As previously stated, high test cal- 
cium hypochlorite materials now in 
common use are rated at a minimum 
of 70 per cent available chlorine, 
while sodium hypochlorite solutions 
intended for sanitary applications are 
rated at about 20 per cent or less 
available chlorine. The term “percent 
available chlorine” is misleading and 
frequently misinterpreted. It does not 
refer to the actual chlorine content 
of the compound; rather, it is a mea- 
sure of equivalent chlorine oxidiz- 
ing power. It is determined by titrat- 
ing the iodine released by the hypo- 
chlorite (dry or in solution) from 
an acidic solution of potassium iodide. 
(The reader is referred to the Amer- 
ican Water Works Association’s hy- 
pochlorites specification (1) for an- 
alytical techniques for available chlor- 
ine determinations. ) 


One pound of available chlorine 
has oxidizing power equivalent to 
one pound of chlorine gas. Thus, 1 
lb of hypochlorite having a 70 per 
cent available chlorine rating, for ex- 
ample, is equivalent in performance 
to 0.7 Ib dry, elemental chlorine gas, 
or, expressed somewhat differently, 
1.43 lb of 70% Ca(OC1)> is equiva- 
lent in performance to 1 ib of chlorine 
gas. Now, if the chlorine require- 
ment for a particular purpose is 200 
Ib/day, then the equivalent amount of 
70 per cent calcium hypochlorite 
needed daily would be 200 x 1.43 
or 286 pounds. 


Laboratory evaluations of per cent 
available chlorine are expressed in 
either one of two ways: 


Volume or Trade % Available Chlor- 
g/L Available Chlorine 


ine = 


10 
Weight % Available Chlorine = 
Volume % 








Specific Gravity of Solution 





COLUMBIA-SOUTHERN CHEMICALS 


FOR WATER AND SEWAGE TREATMENT 


Liquid Chlorine—Rigid manufacturing supervision 
assures high purity. Shipments made from strategically 
located plants, in 15 ton multi-unit tank cars, and in 16, 
30 and 55 ton single tank cars. Also in barges. 


Pittchlor®—A dry, granular, free-flowing, highly stable 
calcium hypochlorite, containing a minimum of 70% 
available chlorine. Used for control of chlorine suscep- 
tible bacteria and algae. Special sewage treatment appli- 
cations: reduction of B.O.D., elimination of odor, 
disinfecting of effluent discharge, and increase 
of coagulation. 


Can be applied manually or mechanically. Packed in 100 


lb. drums, 334 Ib. and 5 Ib. cans, and 15 oz. polyethylene 
bottles. 


columbia]|southern 
chemicals 


COLUMBIA-SOUTHERN CHEMICAL CORPORATION « A Subsidiary of 
Pittsburgh Plate Giass Co. « One Gateway Center, Pittsburgh 22, Pa. 


Pittabs®—Pittchlor in tablet form. Tablets are slow dis- 
solving, and provide a prolonged release of available 
chlorine for up to 18 hours. Dust free, and can be applied 
manually or mechanically. 


Packed in 100 lb. drums and 3%4 Ib. cans. 


Light Soda Ash—Free flowing, rapidly soluble. Na,O 


equivalent of more than 58%. Shipped in bulk and in 
100 Ib. bags. 


Caustic Soda—Available in liquid form, both 50% and 
73% concentrations. Shipped in 8,000 and 10,000 gallon 


tank cars. 50% concentration also shipped in 1,100 ton 
tank barges. 


Solid form shipped in 100 Ib. and 700 Ib. drums. 
Flake form shipped in 100 Ib. and 400 Ib. drums. 


Check your nearest Columbia-Southern District Office 
for complete information. 


DISTRICT OFFICES: Cincinnati *« Charlotte * Chicago « Cleveland 
Boston « New York « St. Louis * Minneapolis « New Orleans « Dalias 
Houston « Pittsburgh « Philadelphia « San Francisco 

IN CANADA: Standard Chemical Limited 


Ai 
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R-175 


R-176 


Table 1 shows the amount of chlor 
ine gas required to produce sodium 
hypochlorite (soda) bleach solutions 
of various strengths or available chlor- 
ine ratings. Thus, using the pre- 
vious example, if the actual chlorine 
requirement for a particular purpose 
is 200 Ib/day, and a 15 per cent 
(Trade) available chlorine bleach so- 
lution is employed, the daily require- 
ment would be 200 x 100/125 or 
160 gallons. (125 lb chlorine are con- 
tained in 100 gal of this bleach so- 
lution. ) 

Hypochlorite requirements for any 
desired chlorine dosage can readily 
be determined. For example, how 
much 70% Ca(OCl)e2 is required 
to treat 100 gal of water at the rate 
of 1 mg/L (ppm) chlorine? Since 
1.43 Ib of 70% Ca(OCl)s contains 
1 Ib of available chlorine, 


1.43 x 8.34 x 100 





1 x 10° 


or 0.00119 Ib of 70 per cent hypo- 
chlorite is required to treat 100 
gal of water at 1 mg/L chlorine dos- 
age. This is equivalent to 0.019 
ounces. Thus, to treat 5,000 gal of 
water at a 30 mg/L rate would re- 
quire 0.019 x 50 x 30 or 28.50 ounces 
70% Ca(OC1)>. 

Owing to their ready solubility, at 
times high test calcium hypochlorites 
are applied through solution feeders, 
using a standard strength solution 
(lime bleach) previously prepared. 
Table 2 shows the amount of high 
test hypochlorite required to prepare 
100 gallons of solution containing 
various amounts of available chlorine. 

If a given volume of water is to 
be treated at a given chlorine dos- 
age, using a standard bleach solution, 
the requirements can be readily com- 
puted as follows: 


Gal water treated x 
mg/L Chlorine Dosage 


10,000 x % Chlorine 
in Standard Bleach Solution 
Gal Standard Bleach Solution required 
Thus, if 5,000 gal water is to be 
treated at the rate of 2 mg/L chlorine 
using a 0.5 per cent bleach solution, 
the requirements will be as follows: 


5,000 gal x 2 mg/L 
10,000 x 0.5 


Table 3 shows the chlorine dosage 
obtained when treating a given vol- 
ume of water with 1 gal of standard 
bleach solution of various strengths. 








= 2 gal 
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Table 3 
Effective Chlorine Dosage Per Gallon 
Standard Bleach Solution‘ 





Solution 
_ Strength 
Trade %/, 
Available 
Chlorine 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.1 

4.0 

4.5 

5.0 


50 100 500 1000 


Volume treated — Gal 
1000 = 5,000 10,000 = 50,000 ~—>_ 100,000; 1,000,000 
Effective Available Chlorine Dosage, mg/L 








Hypochlorite Stability 


High test calcium hypochlorites, 
though highly active oxidizers, are 
relatively stable throughout produc- 
tion, packaging, distribution and stor- 
age. Although product deterioration 
commences with packaging opera- 
tions, storage at 86°F for one year 
reputedly reduces the original avail- 
able chlorine content (weight) by 
only about 10 per cent. Cooler stor- 
age temperatures reduces the deteri- 
oration to a smaller amount. 

Irrespective of how they are pro- 
duced, all sodium hypochlorite so- 
lutions are unstable to some degree 
and deteriorate more rapidly than 
high test calcium hypochlorites. The 
effect can be minimized if care is 
taken during manufacture to avoid 
aluminum, copper, iron, nickel and 
other impurities that act as decom- 
position catalysts. By controlling the 
alkalinity of the solution with excess 
caustic or carbonate buffers, the de- 
composition can be retarded. 

According to one manufacturer’, 
the half-life of standard NaOCl 
bleach solution is approximately as 
follows : 





Available Chlorine 
Trade % g/l 
3 30 
6 60 
9 90 
12 120 180 
15 150 100 
18 180 60 


Half-Life 
Day @ 77°F 
1700 
700 
250 








In other words, a soda bleach solu- 
tion containing 150 g/L chlorine 
equivalent will, even under the best 
conditions of manufacture and stor- 
age, deteriorate to about 75 g/L in 


100 days. Product deterioration gen- 
erally proceeds more rapidly with in- 
creasing NaCl concentrations, other 
conditions being equal. Most large- 
scale producers recommend a maxi- 
mum shelf life of 60 to 90 days. 


Handling and Storage 


High test calcium hypochlorites 
commonly employed in water and 
wastes treatment are granular in tex- 
ture and are white, essentially non- 
hygroscopic, corrosive materials that 
give off a fairly strong chlorinous 
odor. Granular or powdered hypo- 
chlorites contain a minimum of dusty 
fines and resist caking tendencies 
when properly stored. To minimize 
loss in available chlorine content at- 
tendant with storage at elevated tem- 
peratures, low storage temperature 
are indicated. 

A relatively stable compound under 
normal atmospheric conditions, reac- 
tion may occur spontaneously with 
organic materials such as turpentine, 
ether, oils, sugar, fats, and other ox- 
idizable materials. Hypochlorites 
should be stored and handled, there- 
fore, using only clean dry imple- 
ments free of oils, grease and other 
organic impurities. 

Because of its strong oxidizing 
powers and reactivity with organic 
compounds, calcium hypochlorite, es- 
pecially in large quantity, should pre- 
ferably be segregated or stored in a 
location separate from other chemi- 
cals or materials with which the chem- 
ical might react. For example, chlor- 
ine released from a leaking hypo- 
chlorite container in the proximity 
of activated carbon might be so rapid- 
ly absorbed as to generate sufficient 
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Get all these chemical products in 
less-than-carload lots—from Jones! 


CHLORINE ANHYDROUS AMMONIA 
16+, 1004, 105+ 100+, 150+ cylinders 
150+ & 1 ton containers AQUA AMMONIA 

CALCIUM HYPOCHLORITE Gallons, drums, tank 
100+ drums, 5+ & wagons 

“ny 
o4# cans ACTIVATED CARBON 
SODIUM HYPOCHLORITE COPPER SULPHATE 


Gallons, carboys & 
MURIATIC, SULPHURIC & 
pecapatess naa NITRIC ACID 


FLAKE CAUSTIC 5, 13 gal. carboys 


100%, 400% drums SWIMMING POOL CHEMICALS 
LiQuiD CAUSTiC Algaecide, Tile Cleaner 

55 gal. drums & P. H. Blocks, Test Kits 

tank truck delivery Pool Chiorine products 





Fast delivery on less-than-carload lots on chlorine products for 
water, sewerage and industry—any size container. 


Eliminate chlorine storage problems—get just the amount of chlo- 
rine products you need, when you need them, from Jones Chem- 
icals! This will save you valuable storage space. 


JONES—“HE PAYS THE FREIGHT” 


Eleven Jones plants strategically located across the U. S. assure you 
of fast delivery service without a freight charge! Jones delivers by 
truck—for fast, efficient, convenient service on chemical products 
you order. 

All Jones chlorine containers are thoroughly tested before and 
after filling to guarantee safe handling. A special hydraulic-liftgate 
on Jones trucks assures safe loading and unloading. 

Cylinders, cases, drums, carboys and ton-tanks—Jones delivers 
in any type of container you require. This flexibility, plus the 
speed of Jones’ deliveries, gives you complete protection against 
sudden emergency needs for chlorine. 

Our trained technical staff will be glad to help you solve your 
chlorine problem. Write for prices. 
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John Wiley 


JONES CHEMICALS, INC. 


Beech Grove, Ind. Charlotte, N.C. Hudson, Wis. North Miami, Fla. 
Caledonia, N. Y. Erie, Pa. Jacksonville, Fla. St. Petersburg, Fla. 


Torrance. Cal. Warwick, N. Y. Wyandotte, Mich. “A good name in Chemicals J 
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heat to reach the ignition tempera- 
ture and take fire. 

Whenever a leaking or defective 
container is noted, it should be im- 
mediately removed from the storage 
area as it can rapidly cause corrosion 
of other containers and equipment 
in the area. Moisture, in addition to 
other factors mentioned, contributes 
to hypochlorite deterioration and in- 
dicates the desirability of storage 
in closed containers of such size that 
will be consumed in a relatively short 
period, depending on process require- 
ments. 

Calcium hypochlorite is readily sol- 
uble in water, varying from 21.88 
g/100 ml at O°C to 23.4 g/100 ml 
at 40°C. It reacts with water in the 
same manner as chlorine gas to pro- 
duce a solution of hydrochloric and 
hypochlorous acids. Since corrosive 
in solution, the material should be 
handled in corrosive-resistant mate- 
rials such as wood, ceramic, glass, 
plastic or rubber lined steel vessels. 
For liquid feeding of high test cal- 
cium hypochlorite, solutions of about 
one or two per cent available chlorine 
content are recommerided. 

(Chloride of lime or “chlorinated 
lime”, a white powder containing only 
about 35 per cent available chlorine 
at time of packaging, rapidly absorbs 
moisture on exposure to air and rap- 
idly deteriorates in available chlorine 
content. Accordingly, standard 
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strength solutions must be prepared paring and handling hypochlorite so- 


frequently and must be individually 
analyzed for available chlorine con- 
tent. The material cannot be dis- 
pensed in dry chemical feeders). 

Sodium hypochlorite solutions are 
clear, light yellow, strongly alkaline 
and corrosive liquids that have a fair- 
ly strong chlorinous odor. The cor- 
rosive character of this product dic- 
tates the use of corrosion-resistant 
material for handling and dispensing, 
and the use of suitable personal pro- 
tective equipment by persons involved 
in these operations. 

Sodium hypochlorite solutions up 
to about 15 per cent available chlorine 
can be fed directly through suitable 
solution feeders. Sometimes it is de- 
sirable to prepare a diluted stock so- 
lution of lesser available chlorine con- 
tent. This can be readily accom- 
plished since it is completely miscible 
in water. 

Because light and heat accelerate 
decompositions of sodium hypochlor- 
ite solutions, product degradation will 
be less pronounced if containers are 
stored in a dry, cool and darkened 
area, or otherwise in containers pro- 
tected from light. 

All hypochlorite solutions are cor- 
rosive to some degree and affect the 
skin, eyes and other body tissues 
with which they come in contact. Ac- 
cordingly, rubber gloves and aprons, 
goggles or other suitable protective 
apparel should be worn when pre- 


lutions. In addition, every precaution 
should be observed to minimize splash- 
ing container. Accidental splashes 
should be treated immediately by re- 
moving affected clothing and wash- 
ing it and all exposed body parts with 
copious quantities of water. 


Use 


Pound per pound of available 
chlorine, hypochlorite chlorine com- 
pounds have oxidizing properties 
equivalent to elemental chlorine, and 
they can be employed for the same 
purpose as the latter in water and 
waste treatment practices. The choice 
of chlorine form to use depends to 
a great extent on material require- 
ments, safety considerations and econ- 
omics of use. Especially suitable for 
emergency or field disintection and 
at smaller installations, comparable 
results usually can be obtained with 
relative freedom of concern over safe- 
ty hazards attendant with the use of 
gaseous chlorine. 
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PENNSALT CHLORINE 


preferred for water 
and sewage treatment 


Modern new sewage treatment plant at Boise, Idaho. 


PENNSALT CHLORINE is uniform quality waterworks grade of 
chlorine used by hundreds of cities and communities throughout 
the country. because of confidence in PENNSALT’S Quality 
Control of the product. Shipped in 100 and 150 lb. cylinders 
and ton containers by rail, truck and water. 


Other PENNSALT Quality Chemicals 


AMMONIA, Anhydrous. Waterworks grade, shipped in modern, 
lightweight cylinders which saves considerable freight cost and 
lightens the burden of handling. 50, 100, 150 Ib. cylinders. 


PERCHLORON. High-test calcium hypochlorite containing 70% 
available chlorine. Shipped in 100 lb. drums; cases—nine 5-lb. 
cans to a case. 


FERRIC CHLORINE, Anhydrous. Use of PENNSALT’S Ferric 
Chloride in sewage disposal operations simplifies and improves 
performance. It provides immediate filtration without the usual 
losses in sedimentation time in the treatment of fresh and 
digested sludge. Increases filter efficiency and multiplies vacuum- 
filter capacities through superior coagulation. Available in non- 
returnable steel drums of 135 and 350 Ibs. For information contact 
PENNSALT CHEMICALS CORPORATION, Tacoma 1, Wash. 


INDUSTRIAL CHEMICALS DIVISION - WEST 
TACOMA 1, WASHINGTON 
Offices and Plants: 


Los Angeles and Fresno, Colif., Philadelphia, Po., fm aSiTiktel hi 
Portland, Ore., Vancouver, 8. C. (CRestwood 8-1412) Chemicals 





PENNSALT CHLORINE is made at Calvert City, Ky., Portland, Ore., 
Tacoma, Wash., Wyandotte, Mich., and Mexico City. 
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Hypochlorination of Water 


Development 


Although the bleaching and disin- 
fecting properties of various chlorine 
compounds have been recognized for 
many years, chlorination as a regular, 
continuous water treatment process is 
of relatively recent origin. Plant- 
‘scale chlorine disinfection of a com- 
munity water system was first intro- 


Part Il 


by EDMUND J. LAUBUSCH, 


duced in the U. S. in 1908 when 
chlorinated lime was added to the 
40-mgd supply of Jersey City, N. J. 
at its Boston headworks. Its adop- 
tion the following year at Pough- 
keepsie, New York following court 
recognition and acceptance of the prac- 
tice as a public health safe-guard, 
paved the way for rapid adoption 


ical Manager, The Chlorine Institute, Inc., New York, N. Y. 


of chlorinated lime disinfection of 
public water supplies. 

There is a paucity of data on the 
early history of water treatment and 
disinfection in the U. S. during the 
first few decades of the 20th cen- 
tury. Public Health Service data re- 
cently published, 1, reportedly incom- 
plete, indicate that 18 of 557 com- 


munities served by treated water sup- 
plies in 1910 employed chlorination 





Table | 


Summary of Growth of U. S. Water Plants 


Employing Disinfection’” 





Year Plants 
Chlorinating 
No. _ 


Increase 





Chlorine Forms Employed 


Hypochlorite Gas Both Misc. or 


and, of these, employed it as the 
only treatment. Only five years later, 
in 1915, 340 of the 830 communities 
so served employed chlorination, and 
the number of persons receiving the 
benefit of chlorinated water was about 
15.6 millions (in contrast to about 
1.2 millions in 1910). Data are not 





Unknown 





1910 18 
1915 340 
1930 2917 
1940 4650 
1948 6137 


— available on the number of plants at 
— which liquid chlorine was employed 
1359 at that time, but it is probable that 
930 the majority employed chlorinated 








This series of articles deals with b ypochlorite- 
chlorine materials and their use in environmental 
sanitation control. Among the subjects reviewed in- 
clude: the nature, manufacture, storage and han- 
dling of hypochlorites; principles fundamental to 
hypochlorination processes, especially as they re- 
late to municipal water supply, swimming pool and 
wastes treatment practices; and a discussion of 
hypochlorite feeding and dosage control equipment 
that facilitates their safe and effective application, 

Writings on the subject are numerous and no 


single treatise is or can be complete unto itself. 
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These articles are not purported to contain all or 
even a majority of principles, facts or techniques 
relating to the subject. The information to be pre- 
sented is believed to be reliable and reflects the 
experience of many producers and consumers of 
hypochlorites, and of purveyors of equipment suit- 
able for their handling. With regard to handling 
and safety suggestions, readers are cautioned that 
certain circumstances may warrant modified or 
additional procedure; moreover, cognizance must 
be taken of any federal, state, municipal, insurance 
or other requirements that might apply. 





ATLANTA, GA. 
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DENVER, COLO. 
DETROIT, MICH. 
E. ST. LOUIS, ILL. 
HOPEWELL, VA. 
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MACON, GA. 
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TACOMA, WASH. 
VANCOUVER, WASH. 
WISCONSIN RAPIDS, WIS. 
... and now 

EL SEGUNDO, CALIF. 


liquid or dry 


GENERAL CHEMICAL 


As one of America’s primary producers of aluminum sulfate, General Chemical has established a network 
of strategically located plants from coast to coast. Those listed above can provide you with a close, con- 
venient source of supply. These modern plants are located in the heart of active consuming areas. They 


facilitate service to you. They save transportation costs. In addition, our chain of warehouses across the 
country makes stocks of dry aluminum sulfate readily available everywhere. Write or phone today for 


further information on how these facilities can be put to work for you 


GENERAL CHEMICAL DIVISION 
40 Rector Street, New York 6, N. ¥ 


Basic to America’s Progress 
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lime since the first recorded plant- 
scale application of liquid chlorine for 
water disinfection in the U. S. is at 
Niagara Falls, N. Y. in 1912. 

Between 1930 and 1948, the num- 
ber of plants in the U. S. providing 
disinfection more than doubled. Na- 
tionwide data for later years is not 
yet available but some index of the 
continued growth of water chlorina- 
tion practices is shown in Table 2. 

Clearly, as Tables 3 and 4 indicate, 
while the use of liquid chlorine sur- 
passes that of hypochlorites, particu- 
larly at larger facilities, hypochlorite 
chlorine disinfection is by no means 
obsolete or diminishing in importance. 
Indeed, at least 4.3 per cent of all 
water works facilities that served 
communities of 25,000 persons or 
more in 1956 used hypochlorites, 
alone or in combination with elemen- 
tal, liquid chlorine. Moreover, for 
the period 1940-1948, while the num- 
ber of plants using liquid chlorine 
increased by about 40 per cent, the 
number utilizing hypochlorites in- 
creased by over 110 per cent.? This 
is undoubtedly due to the adoption 
of chlorine disinfection processes at 
smaller treatment plants where hy- 
pochlorites are especially appropriate 
and where the need for extension of 
disinfection benefits is most evident. 

Considerable refinement and prog- 
ress has occurred during the past half 
century in the quality of commercial 
hypochlorites and feeding devices. In 
its infancy, disinfection was accom- 
plished by employing either chlori- 
nated lime (chlorine of lime, bleach- 
ing powder etc.) or sodium hypo- 
chlorite. Also, solution-feed equip- 
ment then available yielded spurious 
and erratic results. Impetus to effec- 
tive water chlorination came with the 
commercial availability of liquid chlo- 
rine (1909) and proprietary chlo- 
rinators (1912-13); the proposal of 
a practical colorometric method for 
chlorine residual determinations 
(1909) and its development and sub- 
sequent adoption; and, finally, the 
appearance (in 1928) of high-test 
(70% “Available Chlorine”) hypo- 
chlorites. The advent of this material 
(as did liquid chlorine) also brought 
about diminished popularity of sodium 
hypochlorite for potable water disin- 
fection. Statistics on the relative 
amounts of various kinds and forms 
of hypochlorite chlorine compounds 
used, however, are not available. 
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Table 2 
Growth in Chlorine-Exposed Population by Water Facilities 


Serving 25,000 or More Persons’* 





Year Population in 


Groupx 10 


Plants 
Chlorinating 


Population Served by 
Chlorinated Supply 





No. 


yA No. x 10° : So 





61,864 465 
84,564 547 
84,786 579 


1955 
1956 


96.8 59,442 96.1 
97.0 81,588 96.5°*.. 
97.9 82,014 96.7** 





*Equivalent to 97.5% of population receiving treated water 
**Equivalent to 98.0% of population receiving treated water 


Reactions in Water 


The reactions involved in the addi- 
tion of chlorine to water are not 
simple. All waters contain varying 
amounts of inorganic and organic ma- 
terials of animal, vegetable, mineral 
or synthetic origin. Because chlorine 
is a strong oxidant, it dissipates it- 
self rapidly in various side reactions 
with these materials and little disin- 
fection is accomplished until most of 
these reactions are complete. 

The addition of chlorine to pure 
water yields a mixture of hypo- 
chlorous (HOCI) and hydrochloric 
(HC1) acids 

Cl + H.O = HOC! + HCl 

HCl =@ H+ + Cl- 
Above about pH 4, the equilibrium 
is displaced greatly to the right, and 
little or no Cle exists in solution. 
HOC) is a weak acid and dissociates 
only poorly at below about pH 6. 
Between pH 6.0 and 8.5 there occurs 
a vary sharp change from undissoci- 
ated hypochlorous acid to almost com- 
plete dissociation : 


HOC! = H+ + OCI- 


Thus, chlorine exists predominately 
as HOC! at low pH levels; above 
about pH 7.5 hypochlorite ions (OCI— 
predominate and exist almost exclu- 
sively at about pH 9 and above (See 
Figure 1). 

As indicated in the previous article 
of this series the hypochlorite salt 
most extensively used in water treat- 


ment is so-called high-test calcium 
hypochlorite, Ca (OCI1)». When this 
material is dissolved in water, ioniza- 
tion occurs : 

Ca(OCl): + HO = Ca++ + HO + 
The hypochlorite ions establish equi- 
librium with hyrogen ions, depending 
on the pH, as indicated above. Thus, 
the same equilibria are established in 
water when chlorine is added in ele- 
mental, gaseous form or bound in a 
hypochlorite salt. The significant dif- 
ference is in the effect of pH on the 
relative amounts of OCI~ and HOCI 
at equilibrium. Solutions of hypo- 
chlorite contain an excess of alkali 
which tends to increase the pH. 

If ammonia or ammonium salts are 
present in the water, either naturally 
occurring or added, a combination of 
chloramines are formed depending on 
the relative amounts of chlorine and 
ammonia and the pH (See Figure 1) : 

NH,*+ = NH, + H+ 
NH. + HOC NHI + H.0 
monochloramine 

NH; + 2HOCI ~ NH, + 2H;O 

(dichloramine) 
NH; + 3HOCI > NCI + 3H:O 
(trichloramine) 
The chloramines are considerably 
weaker than hypochlorous acid and 
hypochlorite ions in their bactericidal, 
capacity, although mono- and dichlo- 
ramines do exert a significant bac- 
tericidal effect. Also, while analogous 
reactions with organic ammonia com- 
pounds occur, the organic chloramine 





Table 3 
Disinfection Processes at U.S. Water Plants—1948" 





Populations 


Number of Plants 


Chlorine Forms Employed 





Served ~ Total 


Chlorinating Hypochlorites Gas 


Both Misc. or 


Unknown 





<500 859 738 
500-1000 1396 1148 
1000-5000 2952 2576 
5000- 10,000 747 695 
10,000-25,000 552 515 
25,000-50,000 193 188 
50,000- 100,000 102 102 

> 100,000 185 175 
(Total) 6986 6137 


469 237 30 
554 519 68 
489 1775 294 
29 508 152 
14 331 169 
’ 102 83 
0 5! 50 
| 90 
3613 


84 
930 
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FIG. 1. RELATIONSHIP of pH to free and combined forms of available 
chlori 


residual complexes formed have far 
less bactericidal capacity than both 
inorganic chloramines and free resi- 
dual chlorine forms. 

In addition, chlorine and its com- 
pounds react with a variety or other 
materials, particularly inorganic reduc- 
ing agents such as hydrogen sulphide, 
iron (Fe++), manganese (Mnt*) 
and nitrites (NO.—). Similarly, many 
chloro-addition or chlorine substitu- 
tion reactions can occur with organic 
substances, or existing organic matter 
might be completely oxidized by chlo- 
rine. All of these reactions occur at 
different rates, and all tend to com- 
plicate the disinfecting process. The 
demand for chlorine for such pur- 
poses must be largely satisfied be- 
fore any significant disinfection can 


be accomplished. Notwithstanding, 
this very high oxidative capacity of 
chlorine is responsible for its utility 
as a water treatment chemical for 
purposes in addition to disinfection ° 
as demonstrated in Figure 2. 


Free and Combined Chlorination 


As previously noted, chlorine and 
hypochlorous acid react with ammonia 
in water to form various chloramine 
complexes termed combined available 
residual chlorine forms. If sufficient 
chlorine is added ammonia will even- 
tually be destroyed and chlorine will 
exist as free available residual chlo- 
rine (HOCI, OCI-, possibly Clo, 
and combination thereof depending on 
pH). The point at which the chlorine 
demand of ammonia and other chlo- 





Table 4 
Disinfection Processes at U.S. Water Plants Serving 25,000 
or More Persons** 





Year Number of Plants 


Chlorine Forms Employed 





Total Chlorinating 


Hypochlorites Gas Both 





1948 480 
1956 591 


465 
579 


2 243 4 
13 388 12 
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rine-consuming materials has been sat 
isfied, and beyond which free chlo- 
rine remaining (the residual) rises in 
direct proportion to the dose is called 
the breakpoint. The process of chlo- 
rination until the breakpoint is reached 
is termed combined available residual 
chlorination ; that at and beyond the 
breakpoint (e.g. super-chlorination ) is 
termed free available residual chlo- 
rination. Both processes satisfactorily 
employed will yield a safe water but 
both are not equally satisfactory for 
all water sources for disinfection and 
other treatment objectives. Similarly, 
both processes can be achieved by 
using gaseous chlorine or hypochlo- 
rite chlorine forms, but economy, con- 
venience of operation and other fac- 
tors sometimes dictate a preferential 
material. 


Chlorination Principles 


To ensure freedom from patho- 
genic bacteria it is necessary to pro- 
vide a certain residual or excess of 
chlorine at the end of a specified 
minimum period of time after chlo- 
rination. Thus, two factors are ex- 
tremely important: time of contact 
and concentration of the disinfecting 
agent (and, thus, the character and 
magnitude of the residual). These 
largely are reciprocally interdependent 
and depend on such factors as pH, 
temperature, organic pollution and the 
presence of ammonia and other nitro- 
genous materials capable of forming 
chloramines. In general, low pH ac- 
celerates, low temperature retards, 
and the presence of ammonia, amino 
and other organic materials diminishes 
the bactericidal potential of available 
chlorine, in either free or combined 
form. 

To accomplish satisfactory disin- 
fection without adding that amount 
of chlorine (in one of its various 
forms) necessary to reach the break- 
point, sufficient contact duration 
must be provided for chloramines and 
other chlorine complexes to exert 
their bactericidal effect. This dura- 
tion is substantially greater than that 
necessary for free chlorine forms. 
About 25 times more chloramine than 
free chlorine is necessary during the 
same contact period, and about 100 
times more contact duration is neces- 
sary at the same level of residual 
chlorine, to effect equivalent bacte- 
rial kills. 

Beyond the breakpoint the chlo- 
rine dose usually is sufficient to sat- 
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isfy the chlorine demand due to less- 
resistant bacteria and some readily 
oxidizable organic and inorganic con- 
stituents of the water, as well as to 
provide a slight residual of free chlo- 
rine to attack more resistant bacteria 
and react with more complex chemi- 
cal impurities. The addition of sub- 
stantial excess chlorine (super-chlo- 
rination) results in further satisfac- 
tion of the chlorine demand and oxi- 
dation of complex organics such as 
those contributing to color, taste and 
odor problems. 


Free available residual chlorination 
is especially indicated where raw 
water quality is poor, for manganese 
(and sometimes iron) oxidation, for 
minimizing or controlling some diffi- 
cult taste and odor problems, or 
where contact time with smaller 
amounts or less potent available chlo- 
rine forms is insufficient to effect 
satisfactory disinfection. Obviously 
the amount of chlorine necessary to 
achieve the breakpoint depends on the 
chlorine demand of the water being 
treated; some waters may require 
only 1 mg/1 or less while others may 
require 10 mg/1 or more. Practical 
and economic reasons then, to some 
degree, dictate the choice between 
elemental or hypochlorite chlorine 
forms especially where high free 
residual chlorination of a substantial 
quantity of inferior quality water is 
indicated. 


Chlorine Gas vs. Hypochlorites 


Among the factors influencing the 
selection of gaseous chlorine or of 
chlorine-containing compounds are: 
plant size and volume of water to 
be treated; characteristics of raw 
water, and treatment objectives ; con- 
tinuity of operation ; safety considera- 
tions; availability and comparative 
costs of materials, facilities and per- 
sonnel required for handling, storage 
and mantenance; effects on other 
processes; state, local or insurance 
requirements, and others. Many of 
these factors are interrelated and, ex- 
cept in those instances where mate- 
rial requirements obviously favor the 
use of gaseous chlorine, broad gen- 
eralizations cannot be established and 
each situation should be considered 
separately on its own merit. 

Where very large quantities of in- 
ferior quality water are to be treated, 
gaseous chlorine, is the preferred ma- 
terial in most cases and economy 
generally dictates its use if not other- 
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FIG. 2. APPLICATION of chlorine in water treatment. 


wise prohibited. (In some areas, for 
example, the use of gaseous chlorine 
as a swimming pool disinfectant is 
not permitted at small public or semi- 


public and private pools.) Further- 


more, is such cases the advantages of 
gaseous chlorine usually far outweigh 
the possible disadvantages, and suit- 
able responsibility usually is available 
to minimize safety hazards associated 
with the gas.® 


Aside from the consideration of 
comparative basic costs and avail- 
ability of materials, more extensive 
space requirements and storage facili- 
ties are required for hypochlorite 
handling than for gaseous chlorine, 
especially where chemical require- 
ments are substantial. Moreover, in- 
ventory requirements for equivalent 
amounts of available chlorine must 
be considered in light of product 
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FIG. 3. TYPICAL biological and chemical effects of chlorine in 


treatment. 





stability and deterioration and ready 
availability of the chemical from 
nearby sources. This is particularly 
apparent in the case of sodium hypo- 
chlorite solutions. Because of their 
relatively lower stability, it is neces- 
sary to employ larger amounts of 
stored materials to accomplish the 
same objective. This involves regular 
and increasingly more frequent ana- 
lytical tests of available chlorine con- 
tent and resetting of hypochlorite 
feeders to provide the dosage neces- 
sary to accomplish the treatment ob- 
jective. (For these reasons, the more 
stable, high-test calcium hypochlorite 
products have enjoyed greater popu- 
larity among water treatment authori- 
ties.) Where gaseous chlorine obvi- 
ously is the disinfectant of choice, 
handling, inventory and storage re- 
quirements also must be related to 
the availability of and size of various 
approved chlorine shipping containers, 
but product deterioration need not 
be considered. 

Feeders and appurtenances for 
granular, tablet and solution hypo- 
chlorites are considerably simpler and 
cheaper than liquid chlorine evapora- 
tors, gas feeders, scales etc. Here 
again, however, operating require- 
ments and other conditions frequently 
favor one or another available forms 
of chlorine and offtimes precludes 
application of the remaining forms 
for practical or economic reasons 
alone. 

Safety is one of the most important 
factors to be considered in establish- 
ing the relative merits of gaseous 
chlorine and hypochlorites. Many 
state and local authorities have rigid 
and extensive safety requirements that 
must be met where gaseous chlorine 
is employed. The record suggests that 
hypochlorites generally be employed 
at those facilities located indoors, 
where many persons do or are likely 
to congregate, or otherwise that are 
in quite close proximity to populated 


areas. In any event, for safety rea- 
sons the author advocates that gase- 
ous chlorine not be approved for any 
facility unless the chlorination equip- 
ment is made and its operation 
carried on by and under the constant 
supervision of experienced personnel. 

As noted previously, pound for 
pound of available chlorine applied 
under identical conditions, hypochlo- 
rites appear to be equally efficacious 
as gaseous chlorine for disinfection 
and other common chlorination ob- 
jectives. Because chlorine hydrolyzes 
to form an hypochlorous and hydro- 
chloric acid solution, the pH does 
tend to be lowered. (Actually each 
part of chlorine added consumes about 
1.22 parts of alkalinity (as CaCOs3) 
and sometimes pH correction is in- 
dicated to control the aggressiveness 
of the water.) Hypochlorites usually 
contain excess alkalinity to increase 
their stability and have less effect on 
pH. Because the degree to which 
hypochlorous acid ionizes is a func- 
tion of pH, and the efficacy of 
chlorine disinfection is related to the 
amount of free chlorine existing as 
hypochlorous acid rather than OCI1-, 
the effects of gaseous chlorine and 
hypochlorites on pH definitely influ- 
ence the treatment results. In some 
hard water areas there exists the pos- 
sibility of scale formation and as- 
sociated problems resulting from the 
precipation of calcium carbonate by 
hypochlorites. (Such problems fre- 
quently can be controlled, however, 
by sequestering with sodium hex- 
ametaphosphate or by other means.) 
On the other hand, hypochlorite treat- 
ment may actually improve the qual- 
ity of soft and highly corrosive waters 
for the same reason. While there may 
be such operating problems associated 
with hypochlorites, it is significant to 
note that equipment clogging, pipe- 
line capacity reduction etc., allegedly 
caused by liquid chlorine impurities, 
present similar problems in some 
places. 
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Applications 


In brief, hypochlorites can be suc- 
cessfully used for the same purposes 
for which gaseous chlorine is used 
in water treatment. While rules of 
thumb cannot intelligently be applied 
in selecting the most suitable mate- 
rial to do a job, experience indicates 
that hypochlorites are especially use- 
ful at public water treatment plants 
serving up to about 5000 persons 
(See Table 3); for disinfection of 
rural, airline, railroad, or other small 
private water systems; for disinfec- 
tion of new and repaired pipelines, 
reservoirs and similar water system 
appurtenances; for disinfection of 
emergency water sources and on mo- 
bile water purification units; for 
standby chlorination; for treatment 
of ground water supplies during and 
subsequent to construction ; for main- 
taining distribution system residuals 
and for slime and other nuisance 
organism control; for disinfection 
and algae control of swimming pools, 
regardless of size, but especially at 
public pools of 75,000-gal capacity 
or less, and all semi-public and pri- 
vate pools, and, for numerous other 
proven applications. 
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Twenty Years of Progress 


in lon Exchange 


by W. S. MORRISON and JOSEPH THOMPSON 


Vice Pres. and Eastern Manager, Illinois Water Treatment Co., Rockford, Ill. 


@ iT Is DIFFICULT to realize that a 
little more than twenty years ago the 
field of ion exchange was limited al- 
most entirely to the softening of water 
supplies for the boiler house and per- 
haps the more enterprising laundry 
or processing plant. In fact, the only 
exchangers then available were the 
zeolites, and to qualify as an expert 
in the field it was necessary to become 
familiar with only the capacity, maxi- 
mum flow rates and minimum bed 
depths recommended for low and 
high exchange greensands and sili- 
ceous gels. Few if any complex prob- 
lems were presented. 

Consider the picture today, how- 
ever. We sometimes still talk of zeo- 
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lites but include them under the more 
general classification of cation ex- 
changers. Instead of greensands and 
silica gels, we now usually talk of 
resinous cation exchangers; sulfonic, 
carboxylic and combination sulfonic- 
carboxylic type exchangers; resinous 
anion exchangers, weak base and 
strong base, and combination weakly 
and strongly basic; Type I and Type 
II; ad infinitum. In fact, it is diffi- 
cult to keep up with the flow of re- 
ports from one’s own laboratory and 
technical staff, let alone keep abreast 
of the additional developments as re- 
ported in the technical literature. Pub- 
lications on the subject of ion ex- 
change new number almost 1500 an- 


nually, and many of these are con- 
cerned with techniques applying to the 
treatment of water supplies. 

It would be impossible to attempt 
to review effectively all of the de- 
velopments in this field over the past 
twenty years. Rather than say too lit- 
tle about too much we have selected 
the ten most significant developments 
in this period in the field of water 
conditioning by ion exchange for 
more thorough discussion. 


Organic Cation Exchange Resins 
The availability of organic type ca- 

tion exchange resins permitted regen- 

eration of the materials not only with 





Ast 


FIG. 1. PACKAGED SYSTEMS for automated mixed 


salt but also with acids; that is op- 
eration on the hydrogen cycle. Thus, 
the passage of water through the hy- 
drogen form of the cation resin re- 
sulted in the conversion of salts to 
their respective acids. When the ef- 
fluent of the hydrogen unit was 
blended in proper proportion with the 
effluent of a sodium cycle cation unit 
operating in parallel with the hydro- 
gen cycle, and the carbon dioxide gen- 
erated in this technique was removed 
by degasification, a softened water of 
controlled alkalinity and reduced sol- 
ids content was produced. This split 
stream dealkalization technique was 
applied to advantage to the treatment 
of selected water supplies. 

Shortly after the introduction of 
carbonaceous type cation exchangers, 
the low capacity phenolic type granu- 
lar resins were made available. In 
subsequent developments the phenolic 
resins were upgraded substantially in 
exchange capacity and manufactured 
in the bead form. Ultimately the high 
capacity styrene base resins made 
their appearance and the majority of 
applications today use cation exchange 
materials of this type.’ 

Styrene base cation resins have 
proved to be very resistant to chemi- 
cal and physical deterioration. How- 
ever, for instances involving high 
pressure drop systems, moving beds, 
and conditions of oxidation or ele- 
vated temperature, more highly 
crossed-linked materials provide even 
superior stability characteristics. 

In the early stages of hydrogen ca- 
tion exchange resin use, it was found 
that water characteristics had a 
marked influence on exchange capac- 
ity, leakage characteristics and regen- 





eration efficiency of the materials.” 
Over the years, sufficient data have 
been accumulated to permit us to pre- 
dict the results to be obtained with 
almost any water supply. 

With waters of high calcium ion 
concentration, precipitation of calcium 
sulfate during regeneration with sul- 
furic acid was found to be a prob- 
lem.4 * This is handled generally by 
introducing the acid regenerant in a 
step-wise procedure of ever increas- 
ing acid concentration. 

Without these cation materials, de- 
ionization techniques obviously would 
not have materialized. 


Weakly Basic Anion Exchange Resins 


These materials made possible for 
the first time the deionization of so- 
lutions. The original granular mate- 
rials could be regenerated with an al- 
kali such as soda ash, caustic and 
ammonia and in use, the hydroxyl ion 
of the resin could be substituted for 
chlorides, sulfates, phosphates and ni- 
trates of a water supply. However, 
the materials were insufficiently 


- strongly basic to permit the exchange 


of weakly ionized constituents such 
as silica and carbon dioxide. There- 
fore, the originally available deion- 
izing units were applied generally to 
the treatment of waters for process 
rather than boiler feed. 

Not too many years elapsed before 
it became apparent that these anion 
materials were limited in physical and 
chemical stability.5 This was evi- 
denced by particle degradation, loss 
of exchange capacity and the require- 
ment for prolonged rinses after re- 
generation. Although the styrene type 
weak base anion exchange materials 
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have exhibited better physical stabil- 
ity, these materials occasionally re- 
quire excessive rinsing following re- 
generation, after relatively short us- 
age. The guanidine-melamine formal- 
dehyde anion exchange materials of 
intermediate basicity are finding in- 
creasing favor because of their dura- 
bility, adequate exchange capacity and 
excellent rinse characteristics. 

Because of the efficiency of regen- 
eration of the more weakly basic an- 
ion exchange materials, they are some- 
times used as the first stage anion 
exchange step of a deionizing system, 
in a unit installed ahead of a strongly 
basic anion exchange resin unit or a 
mixed bed unit. 


Strongly Basic Anion Exchange Resins 

When resins of this type were in- 
troduced in 1948, deionizing of make- 
up water for high pressure boilers 
became a practical reality. These ma- 
terials were sufficiently strongly basic 
to permit the exchange of weakly and 
strongly ionized constituents. Thus 
carbon dioxide and more importantly, 
silica removal, was accomplished in 
a two step cation-anion treatment.** 

Experience showed that character- 
istics of the water supply also affected 
the regeneration efficiency, exchange 
capacity and silica leakage character- 
istics of resins of this type. More- 
over, oxidizing agents present in all 
natural waters tended to affect the 
stability of these materials.*®%° In- 
telligent use of these new chemical 
tools required an adjustment in our 
thinking to the extent that resins 
would have to be classified as ex- 
pendable chemicals requiring replace- 
ment periodically. 

As with any new development, not 
only did the strongly basic anion 
resins expand the field of ion ex- 
change, but with this expansion came 
new problems. One of the more diffi- 
cult problems has been the tendency 
of strongly basic anion exchange ma- 
terials to become fouled with long 
chain high molecular weight organic 
materials found in surface water sup- 
ples. 721% 4 These contaminants 
seem to clog the pores of the original- 
ly available anion resins. This con- 
tamination brings about a reductio- 
in available exchange capacity, pro- 
longs the rinse characteristics and af- 
fects the specific resistance and pH 
of the treated water supplies. 

This organic fouling problem was 
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alleviated somewhat by the introduc- 
tion of porous type strongly basic an- 
ion exchange resins. These latter 
resins not only absorb organics when 
treating surface water supplies, but 
their greater porosity permits more 
effective removal of the contaminants 
from the resin during regeneration. 
In boiler feed water applications, 
residual silica, rather than specific re- 
sistance readings, should be used to 
fix the end point of an operational 
cycle. Because it is not possible to 
predict with complete accuracy the 
potential anion resin fouling charac- 
teristics of a surface water supply, 
the best approach where large quan- 
tities of water are to be handled lies 
in pilot plant investigation prior to 
full plant scale installation. In more 
limited capacity installations, particu- 
larly where treated waters of maxi- 
mum specific resistance are required, 
complete pretreatment of the water 
prior to deionization should be con- 
sidered. This pretreatment may in- 
volve chlorination, coagulation, sedi- 
mentation, sand filtration and carbon 
filtration, individually or in combina- 
tion depending upon the nature of the 
contaminant in the raw water. 


Hot Lime-Sodium Cycle Exchange 


As was indicated previously, the 
styrene type high capacity cation ex- 
change resins are very stable mate- 
rials. In fact, it was found shortly 
after their introduction that it was no 
longer necessary to limit water tem- 
peratures to approximately 130° F. 
and pH values to a maximum of 9.0, 
as required by materials previously 
available. Rather, styrene type resins 
exhibited excellent stability at temper- 
atures as high as 250° F. and pH 
values as high as 11.0. We were soon 
to take advantage of these resin char- 
acteristics by installing a cation unit 
operating on the sodium cycle after 
a hot process softener using lime as 
the precipitating agent. 7° 16 1718, This 
combination of hot process precipita- 
tion and hot cation exchange soften- 
ing presented a number of advantages 
over the previously used combination 
hot lime-soda supplementary phos- 
phate treatment. 

To be more specific, the cost of 
treatment was much lower because 
inexpensive salt was used for regen- 
eration of the cation resin. This was 
in contrast to the use of high cost 
phosphates in the supplementary hot 
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process treatment. In addition, mag- 
nesium hardness was reduced to levels 
well below those obtainable with an 
excess of caustic in the normal hot 
precipitation treatment. Lower . total 
hardness was attained consistently us- 
ing the hot lime-zeolite treatment and 
these superior results were realized 
without any extraordinary care in op- 
eration of the unit; the cation ex- 
changer would produce essentially 
zero hardness water regardless of any 
fluctuation in the analyses of the in- 
fluent water supply. 

This development proved so advan- 
tageous that a large number of exist- 
ing hot lime-soda supplementary phos- 
phate treatment systems were con- 
verted to the hot lime-zeolite process 
in addition to the installation of nu- 
merous altogether new units. 


Chloride Anion Exchange 


Dealkalization 


Under normal conditions, strongly 
basic anion exchange resins are used 
in the hydroxyl form to absorb nega- 
tively charged ions from acids, from 
neutral salts and even mildly alkaline 
solutions. However, when these resins 
are regenerated with salt they are con- 
verted to the chloride form and, under 
proper conditions, the chloride ions 
can be exchanged for bicarbonates, 
sulfates, and even fluorides and sul- 
fides of a water supply. Although 
the equilibrium conditions for the ad- 
sorption of these ions is not entirely 
favorable because of the greater af- 
finity of the chlorides for the resin, 
the exchange is sufficiently complete 
to render practical this treatment 
method. In fact, the use of salt as a 
neutral, inexpensive regenerant is so 
attractive that chloride anion exchange 
dealkalization has generated rather 
widespread interest in smaller, low 
pressure plants. 

When a column charged with anion 
exchange resin in the chloride form 
is used in series with a cation ex- 
change sodium cycle softener, the 
combination will serve to soften and 
reduce the raw water alkalin- 
ity. ** 2° 22 Control of the alkalinity 
is accomplished without using acid 
and this does away with a potentially 
hazardous chore for plant personnel. 
The initial cost of equipment is low 
as acid resistant equipment is not re- 
quired. Moreover, degasification 
equipment is not needed. Finally, this 
treatment method eliminates power 


costs of pumping since line pressures 
need not be broken. 

Investigators have found that the 
addition of a small amount of caustic 
22 along with salt during regenera- 
tion of the anion resin brought about 
an increase in the alkalinity exchange 
capacity, a decrease in alkalinity leak- 
age and removal of carbon dioxide 
with adjustment in pH to approxi- 
mately 9.5. 


Mixed Bed Deionization 

We would like to think that every- 
one is completely familiar with the 
mixed bed deionization technique but, 
in the event this is not the case, a 
brief description might be helpful. 

In a mixed bed deionization unit 
the cation and anion resins are, as 
the name implies, mixed intimately in 
a single reactor vessel. If the cation 
and anion resins are mixed in a ratio 
of one to one, then we can assume 
that the bed consists of alternate 
cation and anion particles. If each of 
these particles is visualized as an in- 
dividual unit, then a mixed bed may 
be regarded as a multiple bed de- 
ionizing system consisting of count- 
less numbers of cation and anion ex- 
change columns arranged alternately 
in series. It is apparent that a four 
bed system will produce water of 
lower total ion concentration than will 
a two bed system. Consider, then, the 
quality of treated water from a mixed 
bed unit in which an infinite number 
of columns are employed. Under care- 
fully controlled conditions, water es- 
sentially free of all ionized solids, that 
is less than 0.1 mg/l, are being pro- 
vided in numerous plants in large 
quantity. 2% 24 25 26 27 28 

Up until recently the fact that 
mixed bed deionization would reduce 
the total ionized solids content of a 
water to such a low value was of 
relatively academic interest to the en- 
gineer faced with the problem o: 
treating water for a system generating 
unit. On the other hand, everyone 
desired that silica be reduced to the 
lowest practical value. 

It has been established that the 
more completely cations are removed 
from the water, the more completely 
can silica be removed by a strongly 
basic anion resin. The ultimate in re- 
moval of cations is obtained with the 
mixed bed technique. Thus it follows 
that the ultimate in silica removal 
must be obtained also. Ionized silica 
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FIG. 2. POWER PACKAGE mixed bed deionizing. 


residuals of less than 0.01 mg/l can 
be obtained at economic regeneration 
levels in a mixed bed unit. 

The advent of once-through super- 
and subcritical boilers has promoted 
a demand for water as free of all 
ions, not only silica, as can be attained. 
Therefore, the mixed bed deionizing 
technique is finding now even more 
widespread usage in the coal and oil 
burning, steam generating unit. 7° *° 
In addition, nuclear reactors employ- 
ing water as a coolant and/or as a 
moderator have been designed and 
placed into operation. Mixed bed de- 
ionizers are being applied to the 
treatment of the circulating cooling 
water as well as to make-up water 
treatment. Because the suspended and 
dissolved corrosion products become 
radio-active when passing through a 
reactor cooler, an efficient contami- 
nant removal method is of vital im- 
portance. A mixed bed deionizer pro- 
vides this method. ** 


Counterflow Regeneration 


In the normal operation of a two- 
bed deionizing system, leakage of 
sodium ions from the cation exchange 
unit has always been a problem. One 
way of coping with this is to increase 
appreciably the acid level used during 
regeneration. However, this results in 
reduction in regeneration efficiency 
and in increased cost of treatment of 
a water supply. 

Leakage of ions is due to the fact 
that residual contaminating cations 
are never removed completely from 
the resin column when using the 
normally practiced down-flow regen- 
eration technique. Rather, these ob- 
jectionable ions are pushed down to 
the bottom-most portion of the bed. 
It is through this lower band of un- 
regenerated resin that a water must 
flow when operating according to 
conventional methods. Although 
rather complete exchange of cations 
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takes place in the upper portion of 
the resin column, the water is recon- 
taminated in the lower portion. 

Counterflow regeneration of ion 
exchange columns involves the pas- 
sage of regenerant upwardly through 
the resin. ** At the same time that 
acid is introduced at the bottom of 
the unit, water is introduced at the 
top of the column and both of these 
flows are drawn off through the dis- 
tributor located at the top of the bed. 
Thus, the upward flow of regenerant 
is counter-balanced by the downward 
flow of water and the expansion of 
the resin bed is prevented. By passing 
the regenerant upflow through a 
packed bed in the manner described, 
all of the advantages of upflow re- 
generation and the conventional down 
flow regeneration techniques are at- 
tained. More specifically, ion leakage 
is reduced appreciably because the 
treated water passes through the most 
completely regenerated portion of the 
resin bed immediately prior to its with 
drawal from the exchanger column ; 
calcium sulfate precipitation potential 
is practically eliminated; and ex- 
change capacity is increased. 


Automation of lon Exchange 
Equipment 

The ion exchange equipment in- 
dustry has been keeping pace with the 
general trend throughout all industry 
toward automation of equipment. It 
is now possible to obtain equipment 
over a whole range of flows and 
capacities designed to backwash, re- 
generate and rinse completely auto- 
matically, with the start of the opera- 
tional cycle actuated by push button 
or from an impulse received from a 
flow meter or conductivity instru- 
ment. 

Fig. 1 shows an automated pack- 
aged mixed bed deionizing unit. This 
equipment is assembled completely 
and charged with resins in the manu- 
facturer’s plant prior to shipment. On 
receipt by the user, it is only neces- 
sary to connect the influent raw 
water line, the treated water outlet, 
the waste line and the electrical ter- 
minal point to have this unit ready 
for service. 

Fig. 2 shows a larger unit described 
as a “power package”. It, too, is com- 
pletely assembled at the point of man- 
ufacture and shipped on its own base 
to the job site. This unit has been 
described as a most completely auto- 
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mated piece of equipment in a modern 
power plant where automation has 
been carried to the ultimate. ** 

Fig. 3 shows the first completely 
automated water treating system in- 
volving pretreatment as well as ion 
exchange equipment. Previously, a 
number of deionizing units had been 
automated for supplying make-up to 
the system, but this particular in- 
stallation starts with a stagnant bayou 
water and produces pure demineral- 
ized water continuously. The plant in- 
corporates chlorination, coagulation 
with alum and an organic polyelec- 
trolyte coagulant aid, pH adjustment, 
anthracite filtration, activated carbon 
filtration, cartridge type polishing fil- 
tration, duplex cation exchange and 
duplex mixed bed deionizers. 

It is designed to require no manual 
operation other than adding chemicals 
to storage tanks about four times each 
year. All operations are initiated and 
carried out automatically, including 
the proportioning of chemicals to the 
raw water supply, blowing down of 
sludge accumulated in the clarifier, 
-backwashing of the filters and re- 
generation of the ion exchange units. 


High Flow Rate lon Exchange 


Although deionization has now long 
been recognized as an excellent means 
for preparing make-up water for 
power generators, unti! recently little 
interest was shown in the need for 
condensate treatment where small 
amounts of impurities are present and 
the water volume extremely large. 
However, with the advent of mixed 
bed deionization, the removal of even 
minute concentrations of ions was 
found to be practical. 

It was established as early as 1951 
by one utility that condensate quality 
could be upgraded considerably by 
mixed bed deionization. However, be- 
cause of generally accepted flow rate 
limitations, the sheer physical size of 
equipment limited interest in this de- 
velopment for some time. In 1954, 
the development of nuclear power re- 
sulted in the need for water quality 
far superior than that required here- 
tofore. This was due to the use of 
water as a heat transfer medium in 
pressurized water reactors in which 
soluble as well as insoluble impuri- 
ties were present. These contaminants 
became radio-active in passage of the 
water through the reactor core. Mixed 
bed deionization was recognized as 


W.&S.W.—REFERENCE NUMBER—1960 


—_ «4 


FIG. 3. FLOW SHEET for a completely automated water treating system. 


the most logical approach to the re- 
moval of radio-activity from the large 
volumes of water required. 


We were aware that according to 
theory the rate of flow through a 
mixed bed ion exchange column was 
not limited by the rate of reaction of 
the mixed ion exchange resins them- 
selves. Accordingly, pilot plant work 
was commenced in 1956 and opera- 
tions to date have established that 
flow rates as high as 100 gpm per 
square foot on full flow condensate 
demineralizers are feasible. Water of 
extremely high quality is obtained; 
the units can be regenerated success- 
fully in place; and the capacity of 
the resins for this operation are more 
than ample. ** 


A brief study of the economics of 
this system indicates that the total 
cost of condensate polishing including 
pumping, resins and equipment amor- 
tization, costs of labor and regenera- 
tion, are approximately 1.9c per thou- 
sand gallons of water treated per 
mg/l of impurities removed. 


Continuous lon Exchange 


Although this new development 
may not be most effectively applied 
to the treatment of normal water 
supplies, continuous ion exchange is 
of considerable interest. 

In a continuous ion exchanger ** 
the resins are pulsed through a loop 
in which certain zones are devoted to 
the regeneration, rinse and service 
steps. In essence, the continuous ion 
exchanger moves resins through a 
column of liquid rather than having 
a liquid move through a column of 
resins. Thus the continuous counter- 
flow operation is obtained without 


sacrifice of through-put and exchange 
efficiency. 

The continuous ion exchanger is 
particularly suited to conditions in- 
volving high concentrations of ions to 
be removed, and where flow rates are 
rather limited. Under these condi- 
tions, with the use of the more con- 
ventional columnar fixed resin bed 
approach, the size of the unit is 
established by the large volume of 
resin needed to permit any reasonable 
time between regenerations. Obvious- 
ly, a large resin inventory would be 
needed under the conditions described. 

However, with the continuous ion 
exchange technique, the size of a unit 
is established by flow requirements 
and the resin is continually regener- 
ated and reused. Therefore, by con- 
trast, only a small quantity of resin 
is required for a given application. 

As was indicated above, one of the 
more important features of the con- 
tinuous ion exchange system is to be 
found in its compact size. For ex- 
ample, Fig. 4 shows a unit supplied 
recently for operation in a foreign 
uranium plant which occupies approx- 
imately 15 sq ft as compared with 
several hundred sq ft needed for 
fixed bed equipment of equivalent 
capacity. In this latter system the high 
rate of resin utilization reduces resin 
inventory needs to about 15 to 20 per- 
cent of that required for fixed bed 
operation. The entire unit is auto- 
matically controlled in all of its 
phases of operation involving flow 
of solution to be treated, regenerant 
introduction, rinse water flow, and 
the hydraulic pulses required to move 
the resin around the circuit. * 

These, then, are our choices for 
the most important developments in 
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the ion exchange field over the past 
twenty years. These are the achieve- 
ments that have transformed ion ex- 
change from a laboratory curiosity to 
the foremost treatment method in 
water conditioning. They were the re- 
sult of the combined efforts of the 
resin and equipment manufactures 
throughout all stages of research, de- 
velopment and engineering. Continued 
close cooperation between the manu- 
facturers of resins and the builders 
of equipment should assure even 
greater progress throughout the next 
twenty years. 
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Iron and Manganese Removal 


by GEORGE WEST 


Superintendent of Plants, Greater Lake Charles Water Co., Lake Charles, La. 


@ AN ANALYsIs of the raw water, 
obtained at Lake Charles from deep 
wells, is shown in Table I. Until 
1956 treatment was provided in a 
plant installed in 1926-1949 designed 
to remove iron and manganese by 
aeration, chlorination, copper sulfate 
treatment and gravity filtration from 
3-5 mgd. At that time the demand 
had reached a maximum of 9 mgd, 
thus presenting an overload problem 
of sufficient magnitude that there was 
a need for immediate expansion of the 
treatment facilities. 

Preliminary investigations indicated 
that the development, of new well sup- 


plies in the immediate area of the ex- 
isting treatment plant was not feasible. 
As a consequence, attention was given 
to the development of additional well 
sites at which a new or new treatment 
plants could be located. When explo- 
ration located two new well sites it 
was decided to carry out the expan- 
sion program by constructing two in- 
dependent installations. Construction 
proceeded in three stages: (1) the in- 
stallation of 1500 gpm well and treat- 
ment plant at Center Street site; (2) 
the installation of additional 1500 gpm 
well and treatment facilities at Center 
Street site for a total capacity of 3000 





Table | 
Analysis of Raw Water 





Turbidity ...Clear 

Total Hardness 125 mg/L 
Calcium* - 90 mg/L 
Magnesium*_. ..... 35 mg/L 
Total Alkalinity* 174 mg/L 
Chlorides* 130 mg/L 


Sulphates* 
Sodium* 
Silica a SiO, 
Free CO, 
Iron 
Manganese 





* as CaCO: 


THE MecNEESE STREET 3000 gpm plant. 


W.&S.W.—REFERENCE NUMBER—1960 


gpm; and (3) the installation of 3000 
gpm well and treatment plant at Mc- 
Neese Street site. When completed an 
additional treated water supply of 8.5 
mgd will be provided. 


Treatment Method 


The treatment method provided for 
both plants is identical consisting ¢ 
atmospheric aeration, chlorinatid 
copper (copper sulfate) introducti 
as oxidation catylist for manganese, 
chlorination, ammonia feed, one hog 
detention, pressure filtration and alkali 
feed for pH correction. 

The pretreated water at each site is 
filtered by 2—10’-0” diameter x 62’-0” 
long, three cell, horizontal multicell 
filters. The six filter cells utilizing 
anthraflit filter media operate in paral- 
lel at a filtering rate of 2.5 gpm/sq ft 
for a total flow of 3000 gpm. Each 
filter cell is backwashed individually 
at 12.0 gpm/sq ft for a total backwash 
rate of 2400 gpm. The use of a collec- 
tor section common to all filter cells 
permits simultaneous filtering and 
backwashing. For example, five filter 
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one, 


Roberts-equipped Grovity Type Filter plant, reinforced 
concrete construction, 8 million gallons per day capacity. 


experience and cooperative service... 


Over 60 years devoted exclusively to the manufacture and instal- 
lation of water purification equipment. Throughout the United 
States, Latin America and Canada are hundreds of Roberts- 
equipped installations serving municipalities, and many indus- 
trial operations depend on Roberts Filters for process water. 


Over 5 billion gallons of water every day flow through Roberts 


Wheeler Monolithic False equipment. 
Filter Bottom, cast in place. 


Roberts supplies the full range of equipment for water filtration 
and softening plants, including pressure filters, vertical and hori- 
zontal types, wood and steel tank gravity filters, equipment for 
reinforced concrete gravity filters, filtration plant specialties, 


Zeolite water softeners, swimming pool recirculating systems. 


In addition, an extensive engineering organization is maintained, 
which is at your command on all water purification problems. 
This service complements the Consulting Engineer in charge 
of improvements. We invite the opportunity to cooperate with 
Style “‘L" Vertical Pressure Filter-—tor all engineers and architects interested in the rectification of water, 


industrial applications, it as swim- ‘ me ‘ : See 
ued past eetinnn pect a rae either for municipal or industrial applications. 


the nameplate of dependability 


W.&S.W.—REFERENCE NUMBER—1960 





Chlorine 


Aerator 





Ammonia 


ovstic 


Soda 


opper 


Sulfate 




















Detention 
Tank 











Service 


Pump 





Multicell Filter 








FLOW DIAGRAM 


cells remain in normal operation to 
supply filtered water for backwashing 
the sixth filter cell. No previously fil- 
tered water is returned from storage; 
in fact, 600 gpm of treated water flows 
to service during the backwashing op- 
eration. 

In the overall plant control the serv- 
ice pumps are operated from demand 
by a pressure control on the system 
and in turn controlled by a safety low 
level cut off in the detention tank. The 
well pumps are balanced against the 
service pumps by electrode level con- 
trols in the detention tank and a float 
operated butterfly valve also operated 
from water level in the detention tank. 
The pumping control is fully auto- 
matic. 

It was desired that the two new 
plants be operated automatically with 


AIR VIEW of McNeese St. Plant 
W.&S.W.—REFERENCE NUMBER—1960 


Te 





inspection and maintenance handled 
by existing operating personnel sta- 
tioned at the original treatment plant. 
For this reason the backwashing of 
the filter cells was also arranged for 
automatic control. This is accom- 
plished by a pressure differential indi- 
cator-recorder controller which initi- 
ates a timer controlled backwashing 
cycle to backwash each filter cell and 
return it to operation in proper se- 
quence until the total 6 cells have been 
backwashed. The valve operation is 
pneumatic with no operator attention 
required other than inspection, re- 
charging chemical feeders and routine 
maintenance. 

The Lake Charles plant design pro- 
vides for indication of flow to each of 
the six filter cells and indication as 
well as positive control of the back- 


washing rate. An important feature in 
the multicell filter design is that back- 
wash water may be obtained from the 
in-service cells, from storage, or a 
combination thereof with no change in 
valve operating or plant control. Es- 
sential to this flexibility is the use of 
a retard type backwash gauge on the 
backwash water outlet line for flow 
indication and use of a positioning 
type waste water valve for flow con- 
trol. 





Table il 
Chemical Requirements 





Chlorine Maas. 
Copper Sulfate 10 ib/MG 








Vacuum Diatomite Filters 


by H. N. ARMBRUST 


Project Engineer, B-!-F Industries, Inc., Providence, R. |. 


@ DURING THE PAST several years 
the use of the diatomite filter in swim- 
ming pool water purification has in- 
creased phenomenally. In 1958 ap- 
proximately 10,000 municipal and in- 
stitutional pools were built and 53 
percent of these employed this meth- 
od of filtration. 

While it is true that the problems 
in pool filtration are different from 
those in potable water filtration, the 
desired result is the same. Conse- 
quently the operating experience of 
these installations warrants scrutiny 
by the water works industry. 

A number of installations have been 
made in the past few years on potable 
and industrial water supplies where 
a higher degree of impurity removal 
has been required than is commonly 
encountered in municipal water treat- 
ment. In these cases diatomite filters 
have worked out to very good advan- 


tage. 


For the water supply on Operation 
Deep Freeze, the recent expedition to 
the Antarctic, nine small filter plants 
were used for the treatment of melted 
snow to remove soot from oil fired 
heaters and penguin guano pollution. 
Three more plants were shipped in 
August of this year. As the problem 
of water supply in a location such as 
this is quite critical, it is obvious that 
the equipment had to be both depend- 
able and efficient. 

Recently a paper company found 
that it was necessary to use a higher 
quality water for the manufacture of 
photographic paper than could be pro- 
duced by its new sand filtration plant. 
Not only did the water have to be of 
high clarity, but it also had to be free 
of radio active particles. Tests using 
a gravity-vacuum diatomite filter 
showed that a completely satisfactory 
water could be produced and a full 


scale plant will shortly be installed. 
The raw water is a highly turbid one 
obtained from a river at a point be- 
low another large paper mill which 
discharges sufficient waste to cause 
the river to appear like grayish milk. 
Treatment ahead of the filter consists 
of coagulation, pH correction with 
aluminum sulphate and sodium hy- 
droxide, chlorination, and sedimenta- 
tion. 

At Messina, N. Y. a gravity vacu- 
um diatomite filter plant is supplying 
the potable water for the new Rey- 
nolds Metals plant. According to a 
recent report from Reynolds, the op- 
eration of the equipment has been 
very satisfactory and has met with 
complete approval from the New 
York State Health Department. The 
water is pumped from the St. Law- 
rence River directly to the filters 
without pre-treatment. 
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FIG. 1. SECTIONAL VIEW of the vacuum diatomite filter with leaf type 


elements. 


Winterport, Me. has had a vacuum 
diatomite filter in operation since ear- 
ly last spring. Here the problem is 
one of turbidity removal since what 
color is present is within the allow- 
able limits. The water is taken from 
a reservoir fed by a stream. At times 
the turbidity has been in excess of 100 
mg/1. 

At Jamestown, R. I., an experimen- 
tal 200 gpm plant employing a leaf 
type vacuum filter was operated in- 
termittently for a period of about a 
year on water which had been both 
coagulated and settled as well as wa- 
ter which had received prechlorina- 
tion and chlorine dioxide treatment 
only. Results indicated that for most 
of the year a very satisfactory water 
could be economically produced with- 
out coagulation. During the periods 
of high color, when the concentration 
sometimes exceeded 100 mg/1, it 
would be necessary to resort to co 
agulation in order to reduce it to with- 
in limits. The overall cost of treat- 
ment would be approximately the 
same as when using the existing old, 
but satisfactory sand filter. If a new 
filter had been required it would have 
been more economical to go to dia- 
tomite. 

Another interesting installation was 
made last year in South America by 
the Aluminum Corporation of Amer- 
ica. The only available water supply 
at their instalation is a river, the wa- 
ter of which showed a concentration 
of from 200 to 4000 coliform bac- 
teria per milliliter. The local natives 
will not drink chlorinated water as 
they believe it will make them sterile. 
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This belief is so strong that they 
would drink from mudholes or di- 
rectly from the river before drinking 
a chlorinated water. The equipment 
manufacturer advised that, while 
the vacuum diatomite filter was quite 
efficient in the removal of bacteria, 
it should not be depended upon alone 
but should be used with chlorination 
since without disinfection as a safe- 
guard, too much depended upon prop- 
er operation. In spite of this recom- 
endation the equipment was purchased 
and installed. Alcoa reports that the 
bacteria count has been reduced by 
filtration alone to within acceptable 
limits. This installation is being 
watched carefully by the local health 
officials who are quite enthusiastic 
about it. 


Usefulness 


Now that we have considered some 
of the applications of this equipment 
let us consider what are the advan- 
tages of gravity-vacuum filter aid fil- 
tration and what are its limitations. 

Advantages 1. A higher degree of 
clarity in the effluent, 2. Ability to 
remove suspended solids with or with- 
out coagulation, 3. A high degree of 
bacteria removal, and 4. Excellent re- 
moval of algae. 


Limits 1. While it will remove ap- 
parent color, the removal of true color 
without coagulation is very low, 2. 
Alum floc carry-over will blind off 
the filter cake rapidly, causing short 
runs, 3. Although in many cases tur- 
bidities as high as 60 to 100 mg/l 
have be removed economically with- 


out coagulation, there have also been 
cases where even with relatively low 
turbidities, the filter runs have been 
short and filter aid and labor costs 
consequently high, and 4. Iron floc 
reacts like alum floc and will shorten 
filter runs if allowed to be carried 
into the filter. 


Filter Construction 


Many of the same fundamental 
principals for sand filter construc- 
tion pertain to the diatomite filter. 
Until recently, all diatomite or filter 
aid filters were of the pressure type 
where the filtering surfaces were en- 
closed in a pressure vessel. Although 
these were equipped with observation 
windows or ports, it was impossible 
to know that the precoat was properly 
applied thus insuring that all water 
would pass through the diatomite cake 
and be filtered. 

Similarly, when the filter was back- 
washed, it was impossible to know 
that the filter was entirely clean. As 
a result, the filter elements became 
fouled to the extent that they would 
not properly precoat. Without precoat 
on a portion of the element to pro- 
tect it, more and more of the element 
became fouled and unfiltered water 
passed through these areas until a 
filtering mat made up of a mixture 
of filter aid and debris had been built 
up. 

The vacuum filter is an open tank 
unit with a multiplicity of porous fil- 
ter leaves or tubes within the tank, 
connecting to the effluent line. Where 
there is sufficient head between the 
filter and the clear well it can be used 
entirely as a gravity filter. Most com- 
monly, however, the effluent is con- 
nected to the suction of a centrifugal 
pump rated for the desired capacity 
at a total dynamic head which will 
deliver the flow against whatever back 
pressure there may be plus the maxi- 
mum suction head which will be de- 
veloped at the end of the run as the 
cake becomes clogged. This is usually 
total dynamic head of from 17 to 
22 ft. 


Because of the open construction 
it is usually possible to observe the 
filter cake throughout the entire run. 
When the end of the run is reached, 
the influent and effluent valves are 
closed, the tank drained and the spent 
cake rinsed or washed from the ele- 
ments with a hose or by means of 
spray nozzles. This method of clean- 
ing has been found to be more effi- 





cient than back washing by means 
of a reverse water flow. Because of 
this Superior cleaning method and be- 
cause a failure of any portion of the 
elements to take the precoat can be 
readily observed and remedied, the 
gravity vacuum filter can be and us- 
ually is maintained in a much more 
efficient condition than the pressure 
filter. Bauman’ reports that: “The 
vacuum filter is much simpler to op- 
erate than the pressure. The observa- 
tion of the septums in a vacuum filter 
during all phases of operation is a 
definite asset. Any failure in precoat- 
ing of the septums, or a failure of 
the septums, sleeves or filter cake, 
during operation of this filter would 
be visible to the operator. This is a 
valuable characteristic in the filtration 
of a municipal water supply. Filter 
cake failure in a municipal plant 
could result in pollution of a potable 
water supply.” 

The diatomite filter has been lik- 
ened to a slow sand filter and, like 
the latter, operates to best advantage 
at low rates. The usual design rate 
of such filters when handling water 
for potable or industrial use is be- 
tween 0.5 and 1.0 gpm per sq ft of 
filter area. 


Size 

The pressure diatomite filter has 
a limited practical size. As the filter 
becomes larger, the problem of clo- 
sure becomes greater and more ex- 
pensive. In some cases, the closure 
of a pressure filter shell is more cost- 
ly than the rest of the filter shell. 
Where the tank is open to the atmos- 
phere as it is in the gravity filter, it 
only needs to be strong enough to sup- 
port the head of water in the tank 
which is usually less than six feet. 

With comparatively light stresses, it 
is possible to build tanks of almost 
any size using fiberglass reinforced 
plastic with supporting steel frame 
works. At the present time, this type 
of filter is built for water works use 
in sizes ranging from 108 sq ft to 
648 sq ft which have capacities for 
flows of from 108 gpm to 648 gpm 
per unit. There is no reason why larg- 
er plastic filters of this type cannot 
be built and they have the additional 
advantage of being corrosion proof. 

Several manufacturers are selling 
filter elements for installation in con- 
crete tanks. Although as far as filtra- 
tion is concerned, these will operate 


FIG. 2. AN OVERALL VIEW of a filter with leaf type elements. 


well, the concrete tank construction 
makes it inadvisable to acid clean the 
elements without removing them from 
the tank, an operation which can be 
carried out in the plastic filters. The 
same limitation applies to steel tanks, 
whether lined or unlined. 


Filter Elements 


Filter elements for gravity-vacuum 
units are made in a number of forms. 
While tubular elements have been 
most common, leaf type elements are 
in general much more desirable as 
they offer more plane surface thus 
making them easier to wash and to 
inspect. The element consists of an 
open core of fabricated metal or plas- 
tic which serves as the underdrain 
and is connected to the filtered water 
manifold. The core is covered by 
metallic wire cloth, perforated sheet 
metal, or by plastic cloth such as 
Orlon, Dacron, Nylon or polyethyl- 
ene. The selection of such cloths is 
highly important both as to the type 
of strand and the weave. Where the 
entire element is of plastic, corrosion 
difficulties are eliminated. Bell? says 
of metal elements: “Electrolytic fail- 
ures are frequent. These are often 
due to depositation of particles of 
iron oxide, from the other filter com- 
ponents or piping, in the septum open- 
ings. This is followed by galvanic 
action in which the septum furnishes 


the sacrificial metals. Other failures 
result from galvanic action between 
elements and other filter components, 
which can be lessened by use of in- 
sulating connections between compo- 
nent parts of filters.” 


Equipment 

To insure efficient operation of a 
gravity vacuum filter unit the follow- 
ing equipment is required: A level 
control to maintain proper level of 
water over the filter elements, Filter, 
Vacuum gauge, Filter Pump, Vacuum 
limit switch, Equipment for body feed 
(Dry feeder with slurrying flume) 
and Rate of flow indicator. 

Additional equipment which are 
considered desirable are: A rate of 
flow controller, Chemical Feeders, 
Chemical and diatomite feeder con- 
trollers, Recording meters for flow 
and vacuum, Automatic mechanically 
or hydraulically operated valves, and 
Automatic washing equipment. 

The level controller should be a 
tight shutoff valve so arranged as to 
serve as the influent shutoff during 
washing or when the filter is taken 
out of service for any reason. The 
filter should be capable of operation 
at 0.5 gpm per sq ft for normal de- 
mand and not more than 1 gpm per 
sq ft for normal peak demands. The 
filter pump should be an end suction 
pump, either close-coupled or driven 
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FIG. 3. A MULTI FILTER UNIT treating swimming pool water with tubular 


elements. 


through a flexible coupling. The gland 
or seal should be under pressure. 

As pointed out by Bell*, the body 
feeder should be of the dry type with 
a slurrying flume and eductor so that 
the filter aid can be introduced into 
the influent line for good mixing. 

The rate of flow indicator can be 
any one of several types but prefer- 
ably should be one which can be used 
in conjunction with a rate controller 
and chemical feeder control as well 
as a recording meter. 

The rate of flow controller may be 
either a standard water works unit or 
some other type which will interpose 
very little pressure loss when nearly 
wide open. 


Comparative Costs 


Bauman‘ and Bell® concluded that 
diatomite filtration of water is econ- 
omical in comparison to sand filtra- 
tion. Bauman ran extensive tests on 


iron bearing waters using both pres- 
sure and vacuum filters, during the 
period from September 1958 and May 
1959, under a research grant from 
the National Institute of health. 
Bell's work was with a conventional 
sand filtration plant in which a bat- 
tery of pressure diatomite filters had 
been installed and which could be 
used interchangeably with the sand 
filter. His study which extended over 
a period of several years was made 
on Raritan river water. This water 
varied widely in both turbidity and 
algae content. Turbidity ranged from 
2 to 800 units by silica scale deter- 
mination, with an average of 11 units 
while color ranged from 3 to 400 
mg/l, averaging 28. Pretreatment was 
accomplished in an upflow basin, the 
operation of which was upset at times 
due to varying temperatures and the 
flashy chemical characteristics of the 
water. 





Table | 





Comparative Costs 
Sand and Diatomite Filterst 








Diatomite filtration of raw water 
Diatomite filtration of pretreated water 
Sand filtration of pretreated water 


Capital 
Costs* 
(Zmgd capacity) 


Operating 
Costs* 


(per million gallons) 


$45.71 
$55.22 
$45.31 





$161,630.00 
$201,790.00 
$296,581.00 





*1956 dollars 
t after Bell5 





W.&S.W.—REFERENCE NUMBER—1960 


Bell's work was particularly inter- 
esting as it presented cost compari- 
sons between the sand and diatomite 
operation as well as on diatomite op- 
eration with both pretreated and un- 
treated water. His figures for the in- 
stalled cost of 2 mgd water plants as 
of 1956 are given in Table 1. 

Based on an annual production of 
560 mil gal the total operating cost, 
including chemicals, power, mainte- 
nance, amortization and debt service 
are also given in Table 1. 

As the pressure filter requires a 
pump designed for a total dynamic 
head of 100 ft, whereas the vacuum 
filter requires only 35 to 45 ft total 
dynamic head, the power costs for the 
latter would be lower. On the other 
hand, it is possible that because the 
pressure filter can be operated to 
higher differentials, the cost of dia- 
tomite might be greater for the vac- 
uum filters. This difference, however, 
would tend to be equalized by the 
ability to maintain the filter septums 
of the vacuum filter in a cleaner con- 
dition. 

It is generally agreed by those most 
interested in the development of dia- 
tomaceous earth filtration that a pro- 
posed diatomite filter plant project 
should be handled under the guidance 
of a competent consulting engineer, 
that full chemical and physical data 
be obtained on the water and, if pos- 
sible, a series of pilot runs should 
be made on the water during the sea- 
son’s high turbidity and high algae. 








Simplified Rapid Sand Filter System 


by H. E. HUDSON and GEORGE HAZEY 


Partner, Hazen and Sawyer, Engineers, New York, N. Y. 
and Superintendent Water Department, Wyandotte, Mich. 


@ IMPROVING PUBLIC health by means 
of improvement of filtered water qual- 
ity was the objective of the trial run 
of a revised system of rapid sand fil- 
tration that began in August 1957 at 
the Wyandotte, Michigan, filtration 
plant. Studies in filtration theory had 
led to the conclusion that filtered wa- 
ter quality would be improved by de- 
signing flow-limiting filter control 
equipment so that the rate of filtration 
through the filter would decline as 
the filter became clogged.’ 

The work was based on the premise 
that the quality of water is dependent 
on the velocity in the pores of the 
rapid sand filter. Under the limiting 
design condition of severe floc pene- 
tration, as a filter gets dirty, build- 
ing up head loss in the sand, the plug- 
ging action of the removed sediment 
causes a decline in the hydraulic avail- 
bility of pores. If the water is forced 
through the filter at a constant filtra- 
tion rate, the velocity in the pores in- 
creases. As the pore velocity in- 
creases, the floc in the filter influent 
is pushed further into the sand. When 


the velocity in the pores reaches a 
critical value, the floc breaks through 
the bed resulting in a sharp increase 
in the turbidity of the filter effluent. 

In the conventionally designed 
plant, the water is forced through the 
filters with a continually-increasing 
velocity: i.e., the pore velocity starts 
quite low and is caused to build up 
until the run is terminated by back- 
washing. The Wyandotte trial setup 
was designed to limit the velocity 
through the pores instead of through 
the sand as a whole. This was done 
by inserting an orifice plate in the 
line, in place of the rate controller. 
When the sand is clean, the filtration 
rate is restrained by the orifice. As 
the filter clogs, the rate slows down 


so that the pore velocity remains be- 
low the predetermined safe limit. 


Experience in Using Variable Filtration 
From August 1949 to January 1950 
the Howard Bend Plant in St. Louis, 
Mo., was operated on a variable filtra- 
tion rate scheme. The rate controllers 
were set to limit the maximum rate to 
4 gpm/sf. Below this rate, filter pro- 
duction was restrained only by the 
clear well level, which was kept high 
in erder to hold filter output to the 
rate required by the high lift pumps. 
Turbidities were measured with the 
St. Louis turbidimeter, and the results 
given in Table 1 were obtained.” 
The data in Table 1 show that bet- 





Table | 
Effect of Filter Operating Method on Effluent Turbidity 





Turbidity 
Method of Se 


Months 


Year 


Operation 


Applied Effluent Removal 





1949-50 Aug.-Jan. 
Feb.-July 
Aug.-Jan. 


Feb.-July 


1955-56 


Variable-Rate 4.2 
Constant-Rate 3.8 
Constant-Rate 3.5 
Constant-Rate 4.2 





0.07 
0.07 
0.09 


0.13 96.9 
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THE WYANDOTTE WATER WORKS the scene of the test program. 


ter removal of turbidity was obtained 
with variable-rate operation than with 
the usual constant-rate setup. No coli- 
form organisms appeared in the fil- 
tered water at any time. Following 
this test, the Central Plant of the St. 
Louis County Water Co. in 1953 was 
expanded on a variable rate design. 
The rate controllers are set for a 
maximum of 4 gpm/sf. Below this 
rate, the flow through the filters is 
* determined by the amount of water 
required in the system. The turbidity 
of each filter effluent is measured ev- 
ery 2 hours with a St. Louis turbidi- 
meter, and remains below 0.2. The 
filters are washed every 42 to 72 
hours, or whenever turbidity rises 
above 0.2. A turbidity above 0.2 is 
deemed a breakthrough. The watch 
against breakthroughs is particularly 
important for the older filters that 
have remained on constant-rate op- 
eration.® 


Authorization for Tests 


A variable-rate method of opera- 
tion was considered for use in the 
Wayne County, Michigan, water sup- 
ply system, construction of which be- 
gan during 1959. The County filtra- 
tion plant is designed so that the fil- 
ters can be operated either in the con- 
ventional manner at constant rates of 
filtration, or with variable rates lim- 
ited by clearwell levels and orifices. 
To determine whether the latter sys- 
tem would be acceptable, the Wayne 
County Board of Road Commission- 
ers through its Sanitary Engineer, 
A. T. Kunze, authorized the conduct 
of a series of tests to evaluate the two 
systems in direct comparison. 


The Wyandotte Plant 


The Wyandotte plant takes water 
from the Detroit River at a location 
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not far from that adopted for the 
Wayne County plant. The original 
6 mgd Wyandotte plant had 6 filters. 
Four additional 1 mgd filters were 
added in 1950. It has been necessary 
to operate at rated filter capacity on 
peak summer days, which amounts 
to operation of pretreatment facilities 
at 167 per cent of their original rat- 
ing. The plant includes a baffled mix- 
ing basin and around-the-end settling 
basins, whose detention times are 8 
minutes and 2% hours, respectively, 
at 6 mgd. Settling basin loading is 
1190 gpd per square foot at the 6 mgd 
rate. 

Average raw water turbidity for 
this plant is less than 10, and settled 
water turbidities range from 1 ppm 
to 3 ppm. Median coliform index in 
the raw water is 4400 per 100 ml. 
Phenol concentrations are occasion- 
ally experienced up to maximum val- 
ues of 50 ppb. The incoming water 
is treated with an average dose of 2 
ppm of chlorine, which is manually 
controlled on the basis of data from a 
residual chlorine recorder and ortho- 
tolidine determinations on water from 
the mixing basin after a chlorine con- 
tact time of approximately 5 minutes. 
At the inlet to the mixing chamber 
alum is added in dosages averaging 
9 ppm, and ranging from 8 to 20 ppm, 
depending on the character of the raw 
water. Chlorine dioxide is added to 
the settled water in dosages ranging 
from 0 to 0.30 ppm as NaClO2. The 
chlorine dioxide dosage is adjusted 
in relation to the chlorine demand as 
shown in Table 2: 

The filters are conventional rapid 
sand units equipped with mercury 
float gages and direct-acting rate of 
flow controllers that are usually set 
at the 1 mgd design rate. Total avail- 
able head for filtration from settled 


water level to usual maximum clear 
water level is approximately 11 feet. 

Over the years since 1918, when 
the plant was originally built, coarser 
sand has been used for replacements 
and additions, so that the effective 
size of sand in these beds is about 0.7 
mm according to determinations made 
in 1949. Sieve analyses of samples of 
the top 6 inches of the beds indicate 
that there is some variation in sand 
size from bed to bed. Filters used in 
the experimental work had been re- 
built during the first half of 1957. 
The original perforated pipe under- 
drain system had been replaced with 
Leopold bottoms, and the gravel and 
sand screened and carefully replaced. 





Table 2 





Raw Water 
Chlorine Demand 
(Ib/mg) 


0-15 
15-20 
20-25 
25-30 
30-35 


NaCLO, Dosage 
(Ib/mill gal) 








As a means of maintaining good 
filter bed condition, filter runs are 
terminated at 30 hours or at a 5-foot 
loss in head, whichever comes first. 
Filter runs of less than 24 hours are 
rarely experienced in this plant. 

The filters are not equipped with 
surface wash. Routine operation at 
Wyandotte calls for “mud-balling” 
the filters five or six times per year. 
In this process, beds are drained, and 
the sand surface is agitated by the jet 
stream from a %-inch hose equipped 
with a %4 hose nozzle. During the test 
period there was no evidence whatso- 
ever of clogged masses within the fil- 
ter beds, and mud-balls did not exceed 
%-inch diameter at any time. The 
beds remained in excellent operating 
condition throughout the test period 
of more than a year. 

The plant has 4.5 mil gal of filtered 
water storage, which enables it to 
handle peak high lift demands of 16 
mgd satisfactorily. 

Because of the considerable fluctua- 
tions in raw water chlorine demand 
and coliform counts, close control 
over plant operation is maintained. 
Table 3 shows the normal schedule 
of control tests which the operating 
personnel conduct around the clock. 

In 1957 the bacterial analyses of 
the treated water were as given in 
Table 4. 





. . . When you weigh 
fluoridation costs 


> 


~H 


DEPENDABLE QUALITY. 

International hydrofiuosilicic 
acid typically runs 25% acid 
solution with a guaranteed 
minimum of 23% H,SiF, by 
weight. Every shipment passes 
the challenge of particular 
quality controls. And behind 
all this: Unending research to 
further improve high purity. 


“qe a 

DEPENDABLE DELIVERY. 

Wherever you're located, the 
far-ranging network of Inter- 
national plants underwrites 
quick delivery of hydrofluo- 
silicic acid by tank truck, tank 
car or customer’s drums. As 
for the future, /nternational’s 
production know-how and 


facilities will keep it coming 
in years ahead. 


Le 


DEPENDABLE FEEDING. 

Hydrofluosilicic acid offers ut- 
most ease and accuracy in 
proportioning. Then add the 
savings in equipment installa- 
tion, storage space and han- 
dling ... the greater safety it 
affords operating personnel. 
All costs considered, it amounts 
to the finest in fluoridation. 








Before you go further in your 
fluoridation plans, let an Inter- 
national representative explain 
fully the relative advantages 
of hydrofluosilicic acid. All it 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 
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Wyandotte has collaborated with 
the U. S. Public Health Service in 
evaluation tests on the membrane fil- 
ter technique which have given re- 
sults establishing that the above val- 
ues, which were determined by stand- 
ard methods, are quite accurate.* 


Testing Effluent Quality 


Prior to the authorization of the 
test program, conferences were held 
with representatives of the Michigan 
Department of Health. A comprehen- 
sive test procedure involving excep- 
tionally frequent bacterial, turbidity, 
residual chlorine, and other determi- 
nations of the filtered water from the 
test filters was established. This pro- 
gram included such features as sam- 
pling for turbidity and bacteria every 
30 minutes during the first runs, and 
subsequently cutting down to not less 
than one such determination for each 
run. Filtered water turbidities from 
the filters were measured at least once 
each shift by using the St. Louis tur- 
bidimeter with standards prepared 
weekly from chlorinated settled raw 
water, standardized against a Bunsen- 
spot turbidimeter and against a Baylis 
turbidimeter using standards prepared 
in accordance with Standard Methods. 

An American Instruments Co. re- 
cording microphotometer was pur- 
chased by the Wayne County Road 
Commission and put into routine use 
on the test filters, operated one week 
on one filter and one week on its com- 
panion, in rotation, throughout the 
series. It proved necessary to clean 
the cell of this unit weekly despite 
the fact that the turbidity of the fil- 
tered water seldom exceeded 0.3. The 
instrument appeared to be accurate to 
0.01 turbidity units, and when the cell 
was kept clean, it appeared to be sen- 
sitive to +0.001 turbidity units. 

Each of the test filters was equipped 
with a cotton-plug filter unit for de- 





Table 3 
Schedule of Control Tests 


Analysis 
Turbidity: 
R 





Frequency 





2 hours 
each shift 


Filtered ................... each shift 


Residual Chlorine: 
Mixing Chamber 
Final Effluent —. 


Alkalinity .............. 


Coliform Analysis: 
SSS BRS OPER sample daily 


Filtered 


hourly (or oftener) 


daily (1) 
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: * Bee Z ot 
THE RECORDING microphotometer in operation. 


termination of flocculated suspended 
material in the effluent. The results 
obtained indicated that colloidal ma- 
terial may also have been trapped by 
these units. The cotton-plug filter 
devices were manufactured by the 
Valve and Primer Corp., Chicago. 
They were operated in the early 
stages of the work at approximately 
65 ml per minute, which was later 
cut down to 40 ml per minute in order 
to permit them to operate for a week 
without changing plugs. Two grams 
of cotton was the standard plug used. 

The numerous turbidity measure- 
ments made enabled cross-correla- 
tions to evaluate the accuracy of the 
various methods of measurement. The 
bunsen-spot turbidimeter (Hellige) 
seemed accurate above 1 turbidity 
unit but now below this level. The 
St. Louis unit appeared to give fair 
results in the range of 0.05 to 0.4, 
and the recording microphotometer 
seemed to be very precise throughout 
the range we worked in (from 0.03 
to 0.70). The data from the cotton 
plug filters appeared to be utterly 
trustworthy: they could be measured 
to 0.001 ppm, and appeared to be 
absolutely reliable to 0.01 ppm. 

Baylis has stated® that differences 
in behavior of individual filters are 
difficult to detect with optical turbidi- 
meters, but that small significant dif- 
ferences can readily be measured by 
the cotton plug unit. 


Filters Used in Test 

While the ultimate scheme of vari- 
able rate filtration would include mas- 
ter control of all filters by control of 
the total available head, as was done 


at St. Louis, this scheme was not 
practicable at Wyandotte for the test 
period. The test filters were operated 
continually wtih total available head 
at 11 feet or more. Design filtration 
rate for the Wayne County plant is 
2.56 gpm per sq ft. Accordingly one 
of the Wyandotte filters, equipped 
with the conventional rate controller, 
was set to operate at approximately 
this rate, and was maintained in con- 
tinuous operation beginning August 
1957. At the same time, in a second 
unit, the rate controller was removed 
and replaced with an orifice plate 
which permitted a maximum rate of 
flow of approximately 2.65 gpm per 
sq ft when the filter was clean, and 
which created a declining rate as the 
head loss increased so that the average 
rate of filtration, when the filter was 
operated to about 5-foot head loss, 
would be approximately 2.5 gpm. 
This unit was operated continuously 
in parallel with the conventional unit. 

During the course of the test pro- 
gram, in order to carry the test work 
beyond the proposed design point, a 
third filter using the fixed-orifice 
control was placed in operation at an 
even-higher rate of filtration. As be- 
fore, especially detailed tests were 
conducted at the start of operation 
of this unit. 





Table 4 
Coliform Determinations 


Filtered Water Distribution System 


Number of 
Samples 

Positive 
Presumptives 

Confirmed 








728 347 


| tube 5 tubes (2 samples) 
0 Stubes " “ 








Results Obtained 


The great bulk of the determina- 
tions was made by the staff of the 
Wyandotte plant. In general, repre- 
sentatives of the engineers spent one 
day per week at the plant, changing 
cotton plugs, preparing turbidity 
standards, running spot check analy- 
ses, and making special measure- 
ments. Cotton plug measurements 
were made by Harold Leonhard of 
the Wayne County Road Commission 
staff. 

Table 5 summarizes the significant 
data for the test period of twelve 
months beginning September 1, 1957. 
A large volume of information was 
collected during the course of the ex- 
periments, much of which is still be- 
ing analyzed. The data given in Table 
5 are sorted into two consecutive time 
periods. The first, from August 1957 
to May 1958, covered the initial phase 
of operation. By May 1958, it had 
been determined that there were dif- 
ferences in sand size between the 
filters; and the variable rate unit had 
consistently demonstrated superiority 
with respect to filter runs, wash wa- 
ter, and water quality. It was con- 
sidered possible that this behavior 
might have been attributed to differ- 
ences between the two filter beds. For 
that reason, the rate controller was 
removed from the constant rate unit 
and transferred to the filter that had 
been the variable rate unit, and vice 
versa. The results for the period June, 
July and August 1958 are, therefore, 
for the same pair of filters with their 
methods of operation reversed. The 
data show the effect of the difference 
in sand size between the two beds. It 





Table 5 
Summary Test Results 





Variable Rate 
Filter 





Length of Filter Run—Hours 
September—May 
June—August 


Effluent Turbidity, 
Cotton Plug Filter—ppm 


September—May 
June—August 


Rate of Filtration— 
gpm/square foot 


September—May 
June—August 


28.0 
36.0 


2.43 


2.37 2.20 





is clear that the unit that was first 
used for variable rate operation had 
finer sand than the one used for con- 
stant rate operation. After switching 
the control gear, results continued to 
favor the variable rate unit, and 
though the difference in clarity of ef- 
fluent narrowed, the margin between 
filter runs widened even more. 
Rates of filtration on the two prin- 
cipal test units were very nearly 
equal. The overall averages show that 
filter runs on the variable rate unit 
were 22 percent longer than on the 
constant rate unit, and the wash wa- 
ter requirements were accordingly 
smaller. Most important observation, 
however, was that the concentration 
of suspended material in the filtered 
effluent from the variable rate unit 
was uniformly about 20 percent lower 
than from the constant rate unit. The 
effluent quality from the variable rate 
unit was better than that of the con- 
stant rate unit in 61 of the 63 pairs 
of cotton plug determinations made 
during the series. This result was un- 


expected, since it had been antici- 
pated that the difference in quality 
would be found only at times when 
weak flocculation existed, when break- 
throughs might cause greater concen- 
trations of effluent turbidity from the 
constant rate unit. 

On the basis of these results, the 
management of the Wyandotte plant 
is planning to operate all the filters 
on the variable rate system. 
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Preventive Maintenance of Pumping Units* 


by OTTO M. KRISTY 


Supervisory Engr., Field Service, Centrifugal Pump Dept., Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


REVENTIVE maintenance of 

pumping installations should begin 
with the selection of the proper pump 
to do the job. If this maintenance 
is continued during the installation, 
startup, operation, and shutdown of 
the pump the useful life of this equip- 
ment can be appreciably extended. 


Selection 

This article will not cover in detail 
all of the factors involved in proper 
pump selection. Some explanation of 
the more important considerations in 
pump selection, however, will allow 
the required pump maintenance to be 
reduced. 

1. All the materials selected should 
be capable of satisfactorily handling 
the fluid being pumped. 

2. The bearings and lubrication 
should be adequate with respect to 
ambient temperature, dust, and mois- 
ture conditions. 

3. In order to handle the fluid the 
correct decision as to whether to use 
a mechanical seal or packing in the 
stuffing box must be made. In effi- 
ciently handling the fluid to be 
pumped the shaft sleeve and packing 
are also of particular importance ; the 
materials of which they are made must 
be carefully chosen. 

The first consideration is the mate- 
rials of which the pump is made. 
Naturally, this is an important factor 
in the initial cost of the equipment. A 
high initial cost for better materials to 
withstand corrosion, abrasions, tem- 
perature, dust, and dirt may be much 
cheaper in the long run than continu- 
ous overhaul and repair of a pump 
made of less expensive but inferior 
materials. When costs of labor, mate- 
rials, and production time lost are 
added up it frequently is found that 
better materials actually begin to save 


*Reprinted from Jour. AWWA, Vol. 51, 
pgs. 191-199 by permission. 


W.&S.W.—REFERENCE NuMBER—1960 


dollars after a very few years of 
operation. 

The second consideration, the cor- 
rect choice of kind or type of bearings 
and lubricant with respect to ambient 
temperature and moisture and dirt 
conditions, is also important. For ex- 
ample, if a pump is to handle boiler 
feedwater at 325°F a great amount of 
heat will be conducted down the shaft 
to the bearings. It is necessary, there- 
fore, to install oil-lubricated bearings 
and a lubricating-oil system that in- 
cludes a cooler. If any other type of 
lubrication system is used excessive 
maintenance costs can be expected. 

Probably the one pump component 
that causes more maintenance diffi- 
culty than any other is the stuffing 
box. The correct choice as to kind 
and material at the time of purchase 
will eliminate many operating trou- 
bles. Consideration should be given to 
the use of mechanical seals if no leak- 
age from the pump is desired, if the 
fluid being pumped is not abrasive, 
and if the temperature and pressure 
are not excessive. 

If a packing stuffing box is used a 
shaft-sleeve material should be chosen 
that will give maximum service and 
will not be attacked chemically. The 
packing should be chosen with the 
sleeve material in mind and should be 
capable of withstanding the chemical 
attack of the fluid as well as the effects 
of temperature and pressure. 


Installation 

Preventive maintenance will be most 
effective if it is begun at the time of 
the purchase of the equipment rather 
than after it has been installed. Even 
after installation, however, there is 
much that can be done to minimize 
the amount of maintenance required 
to keep the equipment operating effi- 
ciently. 

When installing a pumping unit 


there are several points to consider 
carefully. The pump and drive should 
be located so that they are easily ac- 
cessible during operation. This will 
allow the operator to inspect the equip- 
ment during operation and easily to 
perform minor maintenance tasks, 
such as packing adjustment and bear- 
ing lubrication. 

In selecting the site of the pump 
an attempt should always be made to 
keep the suction and discharge piping 
as short, straight, and simple as possi- 
ble. If a compromise must be made 
the discharge piping should be length- 
ened instead of the suction piping. A 
smaller number of fittings for the suc- 
tion piping will.decrease losses when 
conveying the fluid to the pump and 
minimize the opportunities for air 
pockets or bubbles to collect and cause 
air-binding of the pump. If a long 
suction pipe cannot be avoided the 
diameter of the pipe should be in- 
creased to a minimum of 114—2 times 
the area of the pump suction nozzle. 
The piping should be laid so as to rise 
steadily to the pump. A concentric 
reducer should be installed at the 
pump suction flange to prevent air 
pockets and loss of prime. 

The suction pipe should be suffi- 
ciently submerged to prevent sucking 
in of air at low water. Normal sub- 
mergence depth will average about 
three times the diameter of the pipe, 
which should be sufficient to prevent 
drawing a vortex during operation. 
Prior to startup the suction pipe 
should be tested for air leaks over its 
entire length. 

Experience has shown that it is 
always wise to provide overhead lift- 
ing devices which can easily handle 
the heaviest piece of machinery pres- 
ent and thereby facilitate removal and 
repair operations. 

The room surrounding the pump 
and drive should be well lighted, dry, 





and properly ventilated. This will 
prevent exterior corrosion and deteri- 
oration of the machinery and will fa- 
cilitate the work of the operating per- 
sonnel in periodically checking the 
equipment in operation. 

The foundation should provide a 
rigid, firm, and permanent support for 
the bedplate or the sole plate, or both. 
It should be capable of absorbing any 
vibration imposed by the rotating 
pump and drive. Most pump founda- 
tions consist of concrete laid on solid 
ground, bedrock, or pilings. Founda- 
tion bolts should be either set in the 
concrete and accurately located on 
drawings or set in a template and 
surrounded by a pipe sleeve with a 
diameter about three times larger than 
that of the bolt. The bolt must be 
firmly anchored if it is placed in the 
concrete, but in the pipe sleeve it 
should be free to allow minor shifting 
of the bolts to suit the bedplate drill- 
ing. 

If a foundation is formed on a floor, 
a platform, or any similar structure 
it should be set over support beams, 
walls, or footings. The system must 
be rigid enough to prevent distortion 
of the bedplate and misalignment of 
the unit. This type of foundation is 
usually not recommended because it 
can be expected that support beams, 
walls, and footings will sag or settle 
with time and misalignment will oc- 
cur. 


Before the pump unit is grouted a 
form should be placed around the en- 
tire bedplate to allow at least ¥4 in. of 
grout to come out under the bedplate 
drip lip and fill the entire space be- 
tween the bedplate and the foundation. 
All air pockets or voids should he 
eliminated from the grout. 

An accepted mixture of grout con- 
sists of one part cement and two parts 
sand, mixed with sufficient water to 
allow the mixture to flow readily un- 
der the bedplate and around the form. 
Sufficient head and agitation should 
be provided to be certain complete 
filling has been accomplished. The 
grout should set for 2 or-3 days, de- 
pending on relative dampness, after 
which all foundation bolts should be 
securely tightened. The shim pack 
(preferably rectangular or horseshoe- 
shaped steel plates to enclose the foun- 
dation bolt) should be left in the 
ground permanently. 

Prior to grouting, the mounting 
pads or sole plates must be leveled 


by shimming adjacent to each foun- 
dation bolt. The shafts of the driving 
mechanism and the unit it drives must 
be level and the couplings aligned. 

After the grout has set the suction 
and the discharge piping should be 
attached to the pump* casing. No 
strain “shouldbe exterted on the cas- 
ing becatise this will cause it to dis- 
tort, the rotating element will rub and 
possibly. seize, and there will be a 
coupling: misalignment. 

After all the. piping has beem, gf 
tached the alignment should” be 
checked and then rechecked after the 
unit has been placed into operation 
and brought up to full load for the 
first time,-—If. the foundation has 
shifted it should be permanently cor- 
rected at this time. If the piping has 
shifted it must be properly supported 
to prevet any strain on the pump 
throughout the load-and-temperature 
cycle over the pumping range. 

Probably the only single factor that 
requires a great deal of maintenance 
and repair but can be easily and accu- 
rately inspected and corrected is the 
coupling alignment of the pump. Cou- 
pling misalignment can damage cou- 
plings, bearings, shaft sleeves, packing 
or mechanical seals, wearing rings, 
and the shafts. The vibration and 
noise level of the machinery will also 
be affected. 

The discharge piping, although not 
as critical as the suction piping, is 
important in keeping the pumping 
unit free of excessive maintenance 
costs. The discharge piping should 
contain a check valve and a gate valve 
near the pump discharge flange. The 
check valve will protect the pump 
from backflow and water hammer 
when it is shut down. Discharge pip- 
ing should also be supported to pre- 
vent strain on the pump casing. 

In any installation attention must be 
given to the driving machinery be- 
cause improper handling of this ma- 
chinery can also have damaging ef- 
fects on the pump. Proper installa- 
tion and a check of the rotation before 
operation are necessary for trouble- 
free service. 

Water may be required to cool bear- 
ings or flush the stuffing box. If so, 
careful attention must be given to the 
water and the water connections. Re- 
quired pressure and quantity of flow 
must be checked, and also the chemical 
constituents and foreign-particle con- 
tent of the water. Foreign particles 
can plug pipe fittings and their intro- 
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duction into the stuffing box can cause 
severe material damage and complete 
failure of the pump. Chemically ac- 
tive service water can be detrimental 
to any material not capable of with- 
standing it. 

On many auxiliary or service lines 
it is wise to include strainers, pressure 
gages, flowmeters, or alarms to indi+ 
cate during operation whether or not 
the pump is operating normally. The 
loss of service water may result in 
complete failure of the pump. .. 

Because of the increase of automa- 
tion in pump operation it is wise to 
consider. installation of suction and 
discharge pressure gages and an am- 
meter, a voltmeter, and possibly a 
flowmeter. Installation of such de- 
vices increases the maintenance re- 
quired but the complexity and remote- 
ness of operation in many plants re- 
quires alarms, signals, and controls to 
assure good operation of the pump 
and its drive. 

Many pumps will require vent lines, 
pressure-relief lines, and recirculation 
lines. The proper installation of these 
connections and of the various con- 
trols and indicators required to oper- 
ate them is mandatory for mainte- 
nance-free service. 


Startup 

After installation has been consid- 
ered from the point of view of preven- 
tive maintenance startup is the next 
step. Certain preliminary factors must 
be considered before the pump can be 
started. 

Suction-line flushing prior to initial 
startup has a direct bearing on mainte- 
nance required and if neglected can 
be the cause of much preventable 
maintenance expense and pump dam- 
age. Complete and meticulous flush- 
ing of the entire suction system is nec- 
essary to remove all sand, silt, scale, 
rust, and weld beads left in the suction 
tank or pit of the piping which con- 
nects to the pump. Small particles— 
about 0.010 in. in diameter or less— 
can get into the rotating clearances 
and cause cutting, galling, and com- 
plete seizure. 

The suction tank or pit can be 
scrubbed and hosed down; the con- 
necting piping, vent lines, gage lines, 
and control lines can only be flushed. 
However, velocity of the water is the 
active agent in cleaning the pipelines 
and velocity can only be increased, in 
this case, by increasing the quantity. 
A sufficient quantity of clean water 
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Q-1 As landmarks in water 

works leadership, Worthing- 

ton built the: 

O First duplex pump for 
municipal use 

© The largest water works 
installation in 1908 


© World’s most efficient 
pumps in 1927 


Q-2 The trend in large 
water works pumps is: 

0 To horizontals 

O To verticals 

© There is no trend 


o 




















Q-3 A Worthington Tri- 
Power Engine operates on the 
following fuels: 


[] Sewage gas and oil 


© Natural gas and sewage 
gas 


CO Butane and oil 


Q-4 Greatest accessibility 
for service is offered by: 


O Vertical turbine pumps 


O Horizontal double-suc- 
tion split case pumps 


© Propeller pumps 


Q-5 You get maximum 

hydraulic head flexibility from 

Worthington: 

O Vertical turbine pumps 

OG Horizontal double-suc- 
tion volute pumps 

© Mixflo centrifugal pumps 


Q-6 Sewage from a city 
of 1,200,000 persons produces 
enough gas to generate: 

0 400 hp. 

O 1200 hp. 

0) 4400 hp. 


UBLIC WORKS 


Match your wits against this team of 


Q-7 A sewage system is 
capable of generating how 


Q-9 Worthington pumps 
can be used on: 

O Raw sewage 

O Effluent 

0 Sludge 


ANSWERS: (NO PEEKING) 


A-1 Worthington was the first to build all three, as well 
as many other water works “firsts”. A-2 There is no trend. 
The particular application is most important.A-3 Tri-Power 
engines are readily convertible to spark ignition and so 
handle any or all of the combinations mentioned. A-4 Split- 
case horizontal pumps provide most accessibility. 


A-65 Worthington vertical turbine pumps offer maximum 
head flexibility by varying the number of stages for differ- 
ent head requirements. A-6 At 600 BTU per cubic foot, 
and 1,200,000 persons, Worthington engines can produce 
4400 usable horsepower. A-7 One cubic foot of gas per 
person per day is usually used for estimating purposes. 
A-®8 Proper utilization of heat from a Worthington engine 
can make it as high as 76% efficient, as compared with 


37.5% without any heat recovery. A-® All 3. Worthington 
pumps handle every liquid handling problem in sewage 
work, A-10 Several suppliers—no one does everything. 
But Worthington handles engines, compressors, com- 
minutors, pumps and auxiliary om ya sO a major 
share of responsibility can be placed in one direction. 
A-11 In 1934 Worthington placed the first engine running 
on sewage gas in service. A-#2 Use of multi-speed pumps 





PLANNING QUIZ 


. Worthington public works specialists 


Q-10 on complex water 
pollution control systems, it 
is best to work with: 


O One supplier 
0 Several suppliers 
© Many suppliers 


Q-12 An economical way 

to provide for additional pump- 

ing capacity is: 

O Leave space for duplicate 
pumps 

O Buy larger pumps ini- 
tially 


O Use multi-speed pumps 


Q-14 Pumps manufactured 

by Worthington are tested at 

test stand which: 

© Is built over a man-made 
half-acre lake 

CO) Is the world’s largest 

© Has capacity up to 
100,000 Gram 








Q-11 Worthington pro- 

duced this landmark in sewage 

plants— the first: 

O Engine operating on sew- 
age gas - 

O Agitated digesting tank 

O Automatic, full-flow 
chlorinator 





Q-13 A comminutor is 
most effective when installed: 


O Upstream from a grit 
chamber 

O Downstream from a pri- 
mary settling tank 

O At inlet to wet well of 
sewage lift station 





Q-15 For Mixfio pumps, 
Worthington has the greatest: 
O Selectivity 

©) Number of patterns 

O Range of models 


Q-17 A Worthington 36” 
comminutor handles: 


O 0.2 to 3.0 mgd. peak 


O 3.0 to 11 mgd. peak 
O 2.0 to 26 mgd. peak 








will cost slightly more initially, but can provide substan- 
tial increases in capacity at lowest long run cost. A-#3 At 
inlet to wet well of sewage lift station. For a treatment 
plant downstream from grit chamber and upstream from 
primary settling tank. A-14 All three are right. Worthing- 
ton’s test stand built over a half-acre lake has a 100,000 
GPM capacity and is world’s largest. A-18 Building Mixflo 
pumps since 1920, Worthington has accumulated the larg- 


est number of patterns and thus has the greatest selectivity 
with the largest number of models. A-16 Worthington 
makes compressors—and matches vacuum pumps to the 
filters, but it does not make them or clarifiers. A-17 The 
36” comminutor handles up to 26 mgd peak. Smaller 
models handle as little as .02 mgd efficiently. A-18 All 
three reasons justify extra cost of Worthington variable 
speed pump installations. 


Q-18 which reason justi- 
fies paying extra for variable 
speed pumping units? 


O Pumping rates are always 
matched to flow 


O Surges are avoided 
O Wet wells can be smaller 


WORTHINGTON 
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must, therefore, be flushed through 
these lines, sometimes as much as 
30,000-40,000 gpm. It is also advisa- 
ble either to tap the pipelines with a 
hammer or to raise and quickly lower 
the fluid temperature about 100-125° 
F. This will cause rust and weld scale 
to be broken loose either by the vibra- 
tion caused by the hammer or by the 
expansion or contraction of the pipe 
or tank due to temperature. 

Suction screens should not be de- 
pended upon to catch the foreign ma- 
terial before it enters the pump. If the 
screen is fine enough to catch material 
0.010 in. or less in diameter the screen 
will plug rapidly and the pump will 
lose water, run dry, and seize. If, on 
the other hand, the screen has a mesh 
of % in. or larger and does not plug 
rapidly it also will not catch the fine 
material that can get into the close 
running clearances. The large-mesh 
screen will catch only tools, rags, and 
similar objects, which in all probabil- 
ity would not seriously affect the 
pump mechanically. The only safe 
and sure way to prevent foreign mate- 
rial from entering the pump is to get 
it out of the system at startup and 
keep it out. 

Other steps which should be taken 
before the pump is started are: 

1. A complete inspection of all the 
components of the pump should be 
made to be certain the unit is ready 
for operation. 

2. The bearings should be lubri- 
cated with the proper grade of lubri- 
cant specified for the job and in ac- 
cordance with the quantities required 
for each bearing. 

3. The-pump should be primed or 
filled with the liquid to be pumped. 

4. All auxiliary water, vent, pres- 
sure-relief, recirculation, and other 
lines should be placed in operating 
condition. 

5. The suction line to the pump 
should be completely opened and all 
gages and alarms be placed in operat- 
ing order. 

After these steps have been taken 
the driver can be started and the pump 
brought up to operating speed. A 
quick check of all bearings, stuffing 
boxes, gages, instruments, and con- 
trols can be made while the discharge 
valve is closed. The time element for 
this checking period should not, how- 
ever, exceed about 2 min. With the 
discharge valve closed and no water 
being delivered the pump will over- 
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heat and seize due to the shutoff 
horsepower of the driving motor heat- 
ing the water in the closed casing as 
the pump impeller churns the fluid in 
the casing. If in the course of normal 
operation it is necessary for the dis- 
charge valve to be closed, or almost 
closed, a bypass line which can handle 
from 5 to 10 per cent of the rated flow 
should be installed. 

Naturally, the more complex thie 
pumping installation the more exten- 
sive and comprehensive will be the 
startup technique required. However, 
regardless of the size of the installa- 
tion if the pump is properly primed, 
air is purged from the system, and 
other points are checked then the suc- 
tion and discharge gages will record 
good hydraulic operation. If the suc- 
tion gage shows a considerable drop 
compared to the nonoperating reading 
or if the discharge pressure does not 
immediately register the unit should 
be stopped at once and not put into 
service until the source of trouble is 
eliminated. 


Operation 

In order to continue preventive 
maintenance during operation certain 
factors must be checked periodically 
while the pump is operating. 

1. The bearings should be carefully 
checked for signs of overheating. It 
is wise to inspect, drain, flush, and re- 
lubricate bearings during the first few 
months of operation in order to estab- 
lish an individual timetable for bearing 
lubrication. The ambient temperature, 
the dust and dirt condition, and the 
humidity will make the timetable for 
one installation differ greatly from 
that of another. There may even be 
considerable differences in timetables 
between one pump and another in the 
same plant. 

If questions arise as to the exact 
kind of grease or lubricating oil to 
use it is advisable to have a local 
lubrication-supply engineer make a 
study to determine the proper lubri- 
cant. It may be possible to use the 
same lubricant for several applica- 
tions, thus requiring the storage of 
fewer types of lubricant. 

Although each plant should set its 
own lubrication timetable, as de- 
scribed, oil-lubricated bearings will 
usually require at least daily attention 
and grease-lubricated bearings will re- 
quire attention at infrequent time in- 
tervals, usually every 2-3 months. 
Care should be taken with oil-lubri- 


cated bearings to prevent the various 
fittings from leaking and allowing the 
oil to drop below the safety level or 
fill above the full-line, causing toe 
high an oil level, which will make the 
bearing overheat. Grease-lubricated 
bearings must not be too full or under 
pressure; excessive fullness or pres- 
sure will pack the grease in and 
around the balls and will prevent them 
from rolling. This will result in the 
balls sliding, which in turn will cause 
scoring, galling of the bearing races, 
and rapid failure of the bearing. 

2. The alignment of the coupling 
during operation should be checked 
as carefully as the bearings. This re- 
quires periodic checks to determine 
that the alignment is being main- 
tained. Extensive and costly repair of 
the pump and drive can be expected 
if this is not done. 

3. The stuffing box should be 
checked daily to determine that the 
proper amount of leakage is taking 
place. If a mechanical seal is being 
used many units will require either 
flushing or cooling and lubrication 
flows to the sealing faces. This pres- 
sure and capacity must be regulated 
and maintained during operation. 
When a stuffing box is repacked it 
should be checked to make certain that 
the box is clean down to the base 
metal and that the shaft sleeve is not 
cut or worn. The packing should be 
cut to an exact length so that the ends 
just butt firmly. Each ring should be 
pushed firmly to the bottom of the box 
with a packing tamping tool. The 
joints of each ring should be staggered 
90 deg. Special attention should be 
paid to the water-seal ring, if one is 
used, to make sure it is in position 
directly under the flushing-line con- 
nection to the stuffing box. This re- 
quires the correct number of rings 
placed both in front of and behind the 
seal ring. When the packing is all 
installed and there is no pressure in 
the pump the gland should be securely 
tightened to squeeze the packing out 
against the stuffing-box wall and 
around the sleeve. Then the gland 
should be loosened to permit the pack- 
ing to expand. Gland-bolt nuts should 
be retightened only finger tight. The 
packing should then be ready for 
service, tow] 

If further adjustment is required it 
is preferable to stop the pump, drain 
the casing, and repeat the entire proc- 
ess. Often, however, this cannot be 
done. If adjustment must be made 





on a running pump the gland should 
be tightened only one flat of the gland- 
bolt nut no oftener than once 

20 min. This will enable the packing 
to expand slowly so that it will not 
score the sleeve or burn the packing. 


Shutdown 


The shutdown procedure for the 
pump is also important in preventive 
maintenance. It is recommended that 
a gate valve be located in the discharge 
line. Prior to stopping the pump this 
valve should be closed tightly to keep 
the casing filled with fluid and to pre- 
vent metal-to-metal contact of the 
wearing surfaces. A centrifugal pump 
should never be thottled on the suc- 
tion side, nor should it be stopped by 
closing the valve on the suction side. 
These actions will prevent the fluid 
being pumped from entering the cas- 
ing and lubricating the close-rotating 
clearances. 

If the pump is to be shut down for 
a long period of time the fluid should 
be drained from the casing to prevent 
corrosion products from filling the 
close-running clearances. Additional 
protective steps should be taken to 
prevent corrosion of bearings, stuffing- 
box parts, and couplings. The author 
suggests that a shut-down pump be 
turned over slowly by hand at least 
once a week. 


Miscellaneous Factors 

In addition to selection, installation, 
startup, operation, and shutdown 
other factors in a pumping installation 
must be examined for efficient pre- 
ventive maintenance. Correct mainte- 
nance, as applied to these factors, 
should be based upon a knowledge of : 
pumping, work required, maximum 
allowable out-of-service time, and de- 
sign of the pump. 


Bearings 

On pumping machines with hori- 
zontal shafts the thrust bearing is 
almost always on the outboard end. It 
may be either an antifriction bearing 
of single- or double-row design, lubri- 
cated with oil or grease, or an oil-film 
type of thrust bearing. 

The inboard bearing may be either 
an antifriction-design, single- or dou- 
ble-row, oil- or grease-lubricated bear- 
ing, or a babbitt-shell, oil-lubricated 
bearing. Regardles of the type the 
important things to know are what 
kind of bearing it is and the proper 
lubricant to use with it. A periodic 


inspection schedule to check for tem- 
perature and noise, a periodic mainte- 
nance inspection, and a lubrication 
replacement schedule can then be 
established. 

If the outboard thrust bearing is an 
antifriction bearing it is shrunk onto 
the shaft and held tightly with a lock- 
nut. The outer race, or races, is con- 
fined in the bearing housing to prevent 
end movement and to absorb the 
thrust. 

If the inboard radial load bearing is 
an antifriction bearing it also is usu- 
ally shrunk onto the shaft and held by 
a locknut. The outer race, however, is 
either free to float in the bearing hous- 
ing or the entire housing is free to 
float in the bearing body and cap. 
This is necessary in order to prevent 
pinching of the bearings due to shaft 
expansion during operation. In all 
cases the outer bearing race must have 
a close sliding fit in the bearing hous- 
ing. 

An antifriction bearing is a preci- 
sion part and must be carefully han- 
dled with respect to cleanliness and 
lubrication. In many cases it is much 
cheaper and quicker to remove the 
bearing in such a way as to protect 
the shaft and housing and replace it 
than to spend time and money either 
to purchase or to make a bearing 
puller that will satisfactorily remove 
the used bearing. If the bearing must 
be pulled off it should always be pulled 
on the inner race and never pulled or 
pushed on the outer race. It may also 
be necessary to apply heat or dry ice, 
or both, in order to remove a bearing 
satisfactorily. 


Internal Clearances 

The internal clearances of a pump 
should always be known in order to 
formulate a maintenance program. 
Horizontal pumps of almost any size 
should have an axial float of no less 
than 3/16 in. and no more than about 
Y% in. Vertical pumps should have 
somewhat greater clearances, depend- 
ing upon the size of the unit. 

The casing surrounding the rotor 
must not pinch any of the stationary 
parts of the rotor or they will bind 
and rub on ‘the rotating element. 
There is usually approximately 0.003 
in. clearance on the diameter between 
the casing and the stationary parts. 
The pump running clearance is 
0.0010-0.0015 in. per inch of diameter 
of the wearing ring or surface. This 
clearance will vary only due to the 
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condition of part materials, the” op- 
erating temperatures, or an extremely 
large-diameter wearing ring. 
Gaskets 

When oiled-paper or service-sheet 
gaskets are used between the upper 
and lower half-casings and the bear- 
ing body and cap the gasket thickness 
should be 1/64 in. The casing and 
bearing bodies are bored in place with 
this thickness of gasket. In order to 
provide proper positioning of the up- 
per half-casing the main joint and all 
casing bores should always be cleaned 
down to the bare metal and a new 
1/64-in. gasket should be used as a 
replacement. 


Wearing Rings 

Wearing rings should be replaced 
when the clearance has increased to a 
point at which either the driving mo- 
tor is overloaded or the pump is no 
longer capable of producing rated ca- 
pacity. In general when the clearance 
has increased from two to three times 
its original size the rings should be 
replaced. 


Replacement Parts 

In most cases it is preferable to use 
factory replacement parts for a pump 
because this will make it possible to 
keep the pump equipped with parts of 
correct dimension, size, and material. 
The factory supplying replacements 
may also be able to recommend a 
change of materials or design which 
will make possible longer and better 
pump service. Standardizing pump 
parts will also enable the factory to 
ship parts in the shortest possible time 
and thereby minimize out-of-service 
time during an emergency repair. 

If the pump operation is of great 
importance it is advisable to carry cer- 
tain spare parts in stock. If the out- 
of-service time factor is critical a com- 
plete rotating element, including bear- 
ings and half-couplings, should be in 
stock ; if the time factor is not critical 
it is only necessary to have wearing 
rings, shaft sleeves, packing gaskets, 
and bearings in stock. 

Whenever replacement parts, par- 
ticularly a complete rotating element, 
are being installed the casing and all 
machined fits should be cleaned down 
to the bare metal. The shaft should 
be centered in the stuffing box at each 
end and a check made of running 
clearances and axial clearances. The 
impeller should be set in the center of 
the volute to obtain stable operation 
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and minimum thrust. If the pump has 
multiple impellers there must be an 
average setting of all impellers. 


The replacement procedure is the 
same for vertical pumps of a volute or 
diffuser design. With a horizontal, 
volute casing design the impeller or 
impellers can be repositioned on the 
shaft by alternately loosening and 
tightening the shaft nuts. The shaft 
nut on one side is loosened and the 
nut on the opposite side is tightened 
to push the impeller toward the side 
with the loosened nut. Both nuts are 
then securely tightened. 


Before placing any rotor in its cas- 
ing the shaft should be placed in a 
lathe and its entire surface indicated. 
The shaft and rotating wearing sur- 


faces should be within 0.003 in. of to- 
tal indicator reading. 


Annual Inspection 

If it is possible without jeopardiz- 
ing operations the pumps and drive 
should be subjected to a thorough 
annual inspection. The inspection 
should cover the following points: 

1. The bearings should be re- 
moved, cleaned, inspected, and re- 
placed if necessary. 

2. The entire casing and the bear- 
ing body should be cleaned. 

3. The old packing should be re- 
moved and the shaft sleeve should be 
inspected ; both should be replaced if 
worn. 

4. All of the rotor parts should be 
inspected and replaced if necessary. 


5. If a new rotor is required it 
should be checked for straightness and 
assembled in the pump using new gas- 
kets where necessary. 

6. The casing should be checked 
for pipe strain and realigned and dow- 
eled if necessary. 

7. The drain, vent, recirculation, 
and lubrication lines should be dis- 
connected and cleaned and flushed. 

8. All gages and _ instruments 
should be tested and recalibrated. 

If service requirements will not 
allow taking the equipment down for 
an annual inspection then the preven- 
tive maintenance program increases in 
importance. This program is designed 
to periodically check the various items 
that prevent a major breakdown of 
the pump. 





SEWAGE WORKS OPERATIONS 


EWAGE is the waste water dis- 

charged by a community. It must 
be disposed of in some manner. Dis- 
posal to the nearest water course or 
other body of water is the common 
practice. If that body of water can- 
not assimilate the sewage without a 
nuisance being created, then the sew- 
age must be treated. 


Characteristics of Sewage 


Sewage is composed of approxi- 
mately 99.9 per cent water and ap- 
proximately 0.1 per cent solids. These 
solids exist in three forms; dissolved, 
colloidal and suspended. The propor- 
tion of these forms of solids varies 
depending on the source of the sew- 
age, and extent to which sewage mat- 
ter has been broken up and dispersed 
during its flow through the sewers. 

These sewage solids are a combina- 
tion of organic and inorganic sub- 
stances. It is the organic matter which 
is subject to decomposition under the 
influence of bacteria and it is this de- 
composition which causes a nuisance. 
Sewage treatment consists of several 
processes which controls the decom- 
position of organic matter in sewage 
and prevent nuisance. 

Since sewage consists of wastes 
from human habitations as well as 
from industry, it is normal that the 
organic matter will include fats, car- 
bohydrates and proteins. 

Those solids which can be filtered 
out on an asbestos mat or filter paper 
are termed suspended solids. Some of 
these solids, which are heavier than 
water, will settle under quiescent (or 
almost quiescent) conditions; these 
are known as settleable solids. Ex- 
tremely finely divided solids which 
will not settle and cannot be filtered 
out are termed colloids or dispersed 
solids. Matter which is in true solu- 
tion is termed dissolved solids. 

Organic matter from these various 
types of solids can be burned and, 
when determined in that manner, is 
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termed volatile matter. The fixed 
residue after burning is termed ash. 
Part of the suspended and colloidal 
solids present in sewage consist of 
bacteria. These bacteria may be at- 
tached to solids or free floating and 
are continually at work decomposing 
the organic matter present. 

From the standpoint of material 
classification, sewage contains grit, 
garbage, paper, rags, feces, matches, 
and various other substances which 
are used in the home. In the average 
community having some industry, 
sewage also contains industrial 
wastes, many of which contain large 
amounts of organic and inorganic 
substances. 


Stream Pollution 


Inasmuch as sewage contains or- 
ganic matter undergoing biological 
decomposition, and since most of this 
matter is in a reduced state, there 
exists a demand for oxygen to oxidize 
and stabilize the substance. It is this 
demand for oxygen which leads to 
nuisance conditions. 

For many years sewage was 
dumped into the nearest water course 
or other body of water. Since natural 
waters contain a certain amount of 
dissolved oxygen decomposition of 
sewage could go on with oxidation of 
the organic matter present. Thus the 
stream was said to have a capacity 
for “self purification.” When organic 
matter, in excess of that “capacity” is 
added to the stream a nuisance re- 
sults ; the stream becomes foul. 

Solids settle out in sludge banks 
and decompose producing gases and 
odors. When the oxygen of the stream 
is used up, anaerobic bacteria flourish 
and reduced organic compounds and 
sulfides are produced. The water be- 
comes black in color and foul in odor. 
Fish die from lack of oxygen. Gradu- 
ally, as the organic matter is decom- 
posed while the stream moves on, 
oxygen is taken up from the atmos- 


phere and the stream returns eventu- 
ally to its original condition. From 
this situation arose the much over- 
worked concept of “self pruification” 
of streams. 


Collection 

Water is transported to consumers 
under pressure but sewage is collected 
in a network of sewers and trans- 
ported usually by gravity to some 
central point for disposal or treat- 
ment. 

The sewer system is composed of 
laterals which discharge into a branch 
sewer which in turn discharges into 
a main sewer, sometimes called a 
trunk sewer. An intercepting sewer 
receives the dry weather flow of a 
number of trunk sewers and carries 
it to a treatment works or outfall into 
a body of water. When both sanitary 
sewage and storm water enter a sewer 
system it is known as a combined sys- 
tem. In modern practice separate 
storm water sewers are used to keep 
the street wash and runoff of the 
sewage treatment plant. 

When sewers must be located at ele- 
vations which will not allow gravity 
flow to the treatment plant or outfall, 
then the sewage must be pumped. 
This is done at lift stations which take 
sewage from the low elevation and 
discharge it to a higher level from 
which it can flow by gravity to its 
ultimate disposal. 


Treatment 


Sewage is treated to eliminate or 
reduce its nuisance characteristics. 
Treatment may consist of the removal 
of suspended matter, the oxidation of 
organic substances, and the killing of 
bacteria. The choice of processes used 
for treatment depends primarily on 
the extent of treatment necessary. 

Primary treatment is the term ap- 
plied to operations by which suspended 
solids are removed. These operations 
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include the removal of grit, screen- 
ings, and settleable solids. Some- 
times as an aid to primary treatment, 
chemical precipitation, flocculation, 
aeration, and flotation are used. 

Secondary treatment involves the 
functioning of aerobic bacteria which 
precipitate and oxidize colloidal and 
dissolved organic matter. A supply 
of oxygen from the air is essential to 
this process, which may be carried on 
in two ways. Sewage may be allowed 
to trickle over a bed of rock or 
crushed stone on which the organisms 
grow or air may be blown through the 
sewage in which flocs of microorgan- 
isms develop and grow. The first 
process is carried on in a trickling 
filter, the second is termed the acti- 
vated sludge process. Aids to these 
two processes include preaeration, 
roughing filters, and chlorination. 
The activated sludge process has sev- 
eral variations. 

Another secondary treatment proc- 
ess is termed contact aeration. In this 
process, sewage is passed over sur- 
faces on which microorganisms grow, 
while air is being blown through the 
flowing sewage. A predecessor of 
this process and of the trickling fil- 
ter is the old contact bed in which 
tanks filled with stones are alternately 
filled with sewage and emptied to al- 
low air to come in contact with the 
biological growths on the stones. 


Disinfection 

All sewage contains pathogenic or 
harmful organisms. In the course of 
sewage treatment by secondary treat- 
ment processes, most of these harm- 
ful bacteria are removed or destroyed. 
Sewage treated solely by primary 
processes still contains large numbers 
of bacteria, including harmful types. 
In order to reduce the number of 
bacteria remaining in sewage after 
treatment, chlorine is used for disin- 
fection. 

The addition of chlorine must be 
controlled to produce the extent of 
bacterial kill desired. Much of the 
chlorine added is simply used up in 
chemical reactions with organic and 
inorganic substances in the sewage, 
thus only a small percentage of the 
chlorine added is available as a dis- 
infectant. Generally speaking no at- 
tempt is made to sterilize the sewage 
(that is to obtain a 100 per cent kill) 
but disinfection should be carried on 
to reduce the bacterial content to a 
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level appropriate for the receiving 
stream. 

Hypochlorites have been used in 
small plants but the use of chlorine 
gas fed by special devices is more 
common. The point of addition, time 
of contact, and other conditions are 
important factors in disinfection. 


Solids Disposal 


Probably the biggest problem in 
sewage treatment is what to do with 
the solids which are removed from 
the liquid. These substances, most of 
which are high in nuisance character- 
istics, include sand, cinders, rags, 
garbage, leaves, matches, paper, 
greases, and organic sewage solids in 
various states of subdivision, plus a 
variety of miscellaneous objects not 
normally thought of as being a part 
of sewage. The handling and treat- 
ment of these solids present some of 
the most difficult, involved, and an- 
noying problems of sewage treat- 
ment. 

Large objects such as rags, corks, 
leaves, sticks, overshoes, etc. are re- 
moved by a screening process. The 
screenings may be buried, burned, or 
ground and returned to the sewage 
for later removal. 

Heavy inert matter such as sand, 
gravel, cinders, (generally termed 
grit) bottle caps, etc. will settle out 
if the velocity of flow is reduced. This 
grit can then be removed and dis- 
posed of as fill. Unfortunately some 
organic matter may also settle out 
with the grit. 

Greases usually are removed as 
skimmings in sedimentation tanks 
where the suspended matter settles 
out. These skimmings are normally 
added to the solids which settle out, 
as they are discharged to a digestor 
for further treatment and disposal. 

Solids which are removed in pri- 
mary treatment are termed raw 
sludge, solids from trickling filters 
are termed humus, and solids from 
the activated sludge process as they 
are removed from final settling tanks 
are called excess or waste sludge. 


Digestion, Dewatering and Drying 
Sludge of any kind, including 
greases, can be decomposed in tanks 
in the absence of air. It cannot be dis- 
posed of on the ground because it will 
dry very slowly, attract flies, and 
cause odor nuisances. It can be de- 


composed in lagoons or barged to sea 
for disposal. 


The most common treatment is di- 
gestion in closed, heated tanks where 
the sludge is kept for a period of a 
week to a month, during which time 
carbon dioxide and methane are given 
off and the sludge decreases in volume 
and mass. When digestion is com- 
plete the sludge can be removed for 
disposal by dewatering and drying 
on sand beds or by chemical coagula- 
tion and dewatering on vacuum filters 
followed by drying or incineration in 
a furnace. 


Maintenance 


One of the big problems in opera- 
tion of sewage works is maintenance, 
including maintenance of both the 
sewer system and the treatment. 

Both organic and inorganic solids 
tend to settle or strand in sewers, 
particularly if constructed on a flat 
grade. This is especially true of grit 
particles which enter house sewers 
through washing of vegetables, etc. 
In combined sewer systems, grit, sand 
and cinders from street flushing add 
to the problem of stoppage of sew- 
ers; tree roots also cause sewer stop- 
page. 

An ordinance to keep grease and 
other undesirable wastes out of sew- 
ers is one method of reducing sewer 
cleaning problems. Methods of re- 
moving stoppages include regular 
flushing, cleaning with rods, drag 
lines, buckets, and other devices. Root 
growth can be inhibited by adding 
copper sulfate at the upper end of a 
sewer. 

Maintenance of treatment works 
facilities includes proper lubrication 
on schedule of all mechanical equip- 
ment, painting of building, protection 
against excessive humidity, removal 
of scum from tanks, etc., a sched- 
uled inspection, repair and replace- 
ment program for all moving equip- 
ment. General cleanliness of all oper- 
ating areas is an essential part of 
maintenance. 


Laboratory Control 

In the operation of sewage treat- 
ment plants, laboratory control is an 
essential function. The size of the 
laboratory and the number of tests 
performed depend on the capacity of 
the plant and the extent of treatment 
operations. Since the purpose of treat- 
ment is to remove nuisance causing 
substances, tests, which measure 
these substances and determine the 





extent of removal, should be included 
in the laboratory operations. 

Tests for solids removal include the 
simple Imhoff cone test for settle- 
able solids, suspended solids by 
Gooch filtration, and total solids 
by evaporation (especially on sludge). 
Oxygen demand is determined by the 
5-day B.O.D. test; chlorine require- 
ments by the chlorine demand test. 
Other tests, which may be made, in- 
clude nitrogen in its various forms, 
alkalinity, bacteria, especially the most 
probable number of coliform organ- 
isms. Sludge digestion, dewatering 
and incineration require tests of vola- 


tile matter in sludge, gas analysis, 
volatile acid determinations, coagul- 
ant dosage requirement, and moisture 
content: The more complete the lab- 
oratory program, the better plant 
control possible. 


Miscellaneous Problems 


There are other problems in sew- 
age works besides maintenance, oper- 
ation and repairs. Management must 
be alert to maintaining good public 
relations. This involves keeping the 
sewage plant attractive and free from 
odors, keeping flooded basements at 
a minimum, keeping salaries of em- 
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ployees at the highest possible level, 
publicizing the good work of the 
treatment plant through newspapers, 
magazines articles and talks to local 
service clubs. 

In some cities the problem of in- 
dustrial wastes loom large. Not only 
do industrial wastes present problems 
of operation but they present prob- 
lems of charges for handling. Financ- 
ing of treatment works and sewers 
likewise presents problems to manage- 
ment. Both of these subjects are dis- 
cussed elsewhere in this issue of The 
Reference and Data Edition. 
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METROPOLITANISM and SEWAGE 
HANDLING TECHNOLOGY* 


by JAMES B. COULTER, THOMAS W. BENDIXEN, and 


HAROLD A. THOMAS, JR. 


Respectively, Senior San. Engr. & Soil Scientist, Suburban San. Studios, Robt. A. Taft San. Engr. Cir., 
Cincinnati, Ohio & Prof. Civil & San. Engr., Howard University, Cambridge, Mass. 


n the past ten years, several mil- 

lion homes have been constructed 
in areas inaccessible to community 
sewers, Under these circumstances, 
the Federal Housing Administration 
has been hard pressed by the problem 
of sewage disposal at individual res- 
idences. As tangible evidence of in- 
terest in the solution of these prob- 
lems, FHA jointly with the Public 
Health Service financed a series of 
studies commencing in 1947 and ex- 
tending through 1952. Many of the 
concepts contained in the “Manual of 
Septic Tank Practice” (1) are direct 
results of those early studies. 

In an effort to improve the relia- 
bility of design procedures and evalu- 
ate new practices, FHA contracted 
with the Public Health Service’s Rob- 
ert A. Taft Sanitary Engineering 
Center to conduct another series of 
studies on a reimbursable basis begin- 
ning in the fall of 1956. This current 
series is directed toward a more effi- 
cient use of soil as a disposal medium 
for septic tank effluent. Thus far, 
major investigations have been made 
in 20 counties of 9 states. The fol- 
lowing analysis of the problem of 
sewage disposal in metropolitan areas 
comes from direct observations and 
experience gained in the course of 
those investigations. 


Problem 

Prior to the 1940's there was good 
reason to believe that the major prob- 
lems associated with the safe disposal 
of domestic sewage were solved. In 
general, the population to be served 
was either urban or rural, and the two 
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techniques, the central sewerage sys- 
tem and the individual household sys- 
tem, were adequate for most situa- 
tions. But since the mid 1940's, the 
United States has entered into an era 
of revolution in land development. 
Both the magnitude and the pattern 
of metropolitan growth are undergo- 
ing drastic changes. As a result, all 
phases of political and physical sci- 
ences dealing. with metropolitanism 
are being adjusted to cope with the 
changing situation. 

To deal effectively with sanitary en- 
gineering problems, it is necessary to 
comprehend the magnitude of the rev- 
olution and its influence on factors im- 
portant to the solution of those prob- 
lems. As with all revolutions, many 
individual trends can be identified, 
some minor, others major, but all 
lending momentum to the common 
cause. Actually, it probably started 
around the turn of the century when 
the rural population stopped growing. 
Since then the farm population has 
actually decreased while the non-farm 
population has increased by a factor 
of four. 

Land Use 

A later development in the urbani- 
zation trend is the changing pattern 
of land use. At first urban areas grew 
at a relatively slow rate, utilizing land 
adjacent to the established commu- 
nity. By 1950, however, the revolu- 
tion was well under way, producing 
drastic changes in the pattern of met- 
ropolitan growth. Speculative house- 
building with the subdivision type of 
land use is a product of the last dec- 
ade. At first, subdivisions were usual- 
ly located in the suburbs to escape 
high costs and high taxes but in re- 
cent years location in fringe areas has 
been by necessity. Currently, an in- 


ventory of vacant lots would show 
that building sites within corporate 
limits, especially those served by sew- 
erage systems, are scarce and are al- 
ready priced out of the speculative 
housebuilding market. 

Another change involves the type 
of land use required to fulfill the de- 
sires of the modern family. One re- 
sult of a rising standard of living is 
to make the nation one of home-own- 
ers. The percentage of owner-occu- 
pied dwellings rose from 44 per cent 
in 1940 to 55 per cent in 1950 and 
an increase to 60 per cent is expected 
by 1960 (2). In all probability, fam- 
ily income will continue to rise, and 
this factor coupled with installment 
financing will lower the age at which 
families can purchase their first home. 
Access to Home Sites 

To provide for home-ownership the 
vast majority of new houses will be 
built in the suburbs at an ever-increas- 
ing distance from the parent city. In 
this respect, the highway building pro- 
gram may have more impact on hous- 
ing location than any other factor in 
history.. Approximately $40 billion of 
the estimated $100 billion which will 
be spent on modern roads in the next 
decade will be spent in metropolitan 
areas. As a result, limited access ex- 
pressways will lead from the country- 
side into the heart of all major cities. 
As time, not distance, is the major 
consideration of commuters, the ex- 
pressways will make land available 
and attractive for housing at greater 
distances from the city. Clearing 
rights-of-way during the construction 
of the highways will generate more 
pressure for the suburban movement. 
It has been estimated that several 
hundred thousand homes per year will 
be demolished in the highway and ur- 
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ban renewal programs. It is paradoxi- 
cal that improvement of the city de- 
stroys houses and becomes another 
factor in forcing people to the sub- 
urbs. 


Population Growth 

The impact of another major factor 
is yet to be felt. It is the unprece- 
dented rise in the birth rate starting 
in the late 1940’s. In 1940, the expert 
opinion was that the population of 
the United States had become rela- 
tively stationary and perhaps would 
even begin to decline. Even as late as 
1946 a population of 153 million was 
forecast for 1960, and an ultimate peak 
of 164.5 million was predicted for 
1990. The great increase in mar- 
riages and births following the war 
made these predictions appear ridicu- 
lous. The present population is in 
excess of 175 million and an estimate 
of 180 million now seems logical for 
1960. In fact, during the past 10 
years, population increase has con- 
sistently exceeded the estimates. 

The increase in birth rate has had 
little effect on housing starts because 
the starts are more closely associated 
with family formation than with popu- 
lation increase. At present, people 
reaching the marriageable age are be- 
ing drawn from the low birth-rate 
years of the 1930's, but the wave of 
children now in elementary and high 
schools will reach marriageable ages 
in the 1960’s. As a result, it is be- 
lieved that housing starts will continue 
at the present rate of about one mil- 
lion per year for the next few years. 
After that, there should be a steady 
increase with the possibility of two 
million or more starts per year in 
the 1970's. 


Future Estimates 

In summary, the concentration of 
the population in huge metropolitan 
complexes, installment financing, the 
demand for home-ownership, express- 
ways making land many miles from 
the parent city attractive for house 
building; and an unprecedented in- 
crease in the population of the country 
leads to this sobering conclusion. The 
explosive expansion of the standard 
metropolitan area is not a passing 
phase. Rather, it is the start of a 
major revolutionary trend that will 
continue at least into the 1980's. 

To provide for adequate sanitary 
facilities of all types in a dispersed 
community of the proportions visual- 
ized is something for which present 
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planners are entirely unprepared. The 
problem of sewage disposal is already 
acute (3). In fact, to provide for the 
proper disposal of sewage in an ex- 
panding suburban area from the time 
the first house is occupied until the 
area is fully developed is one of the 
most complex problems ever faced by 
the sanitary engineering profession. 


Deficiencies of Present Technology 

The present technology of sewage 
collection and disposal, limited as it 
is to either the central sewerage sys- 
tem or the individual system, is in- 
adequate to meet the situation. This 
can be illustrated by examining the 
pattern and rate of metropolitan 
growth and attempting to apply cur- 
rently acceptable solutions to typical 
situations. Communities no longer 
grow in neat concentric rings around 
the parent city, but leap-frog out 
along major highways in a patchwork 
pattern sometimes referred to as an 
“urban sprawl.” This wheel-spoke 
pattern of growth creates four general 
situations : 

1. Suburban zones and shopping 
centers that will in all probability be- 
come fully urbanized in a few years. 

2. Isolated islands of high popula- 
tion density but limited in area, lo- 
cated so that many years will pass 
before the vacant land between islands 
is urbanized. 

3. Areas of low population density 
caused by building homes on large lots 
where, because of zoning or location, 
full development is unlikely for many 
years. 

4. Motels, camp and recreational 
facilities, consolidated schools, and 
other isolated installations. 

“Much frustration stems from the at- 
tempt to apply a science developed 
for two situations, urban or rural, to 
“growth” situations that are neither 
of the two. An appraisal of current 
practice leads to the conclusion that 
many costly restrictions on land de- 
velopment stem from lack of funda- 
mental knowledge rather than from 
public health considerations. In the 
following discussion, deficiencies in 
knowledge are treated under five 
major topics. Information is not com- 
pletely lacking. However, no com- 
prehensive body of knowledge consti- 
tuting generally acceptable technology 
exists for any of these fields. Al- 
though specific studies are not listed, 
research with the objective of devel- 
oping an applied science for each of 


the following five topics should be 
pursued. 


Interim Sewerage Schemes 

Neither the large municipal system 
nor the individual household system 
are compatible with the first pattern 
of growth. When full urbanization 
within a matter of five or ten years is 
likely, acceptable schemes are needed 
to allow the permanent sewage han- 
dling system to grow step by step as 
the transition, from farm land to scat- 
tered subdivisions, and finally to com- 
plete urbanization, is accomplished. It 
is desirable to construct elements of 
the collection system as houses are 
built so that a final sewerage system 
can evolve in the same manner that 
roads and other utilities develop. 

Within the framework of a general 
plan it should be possible to install 
tract sewers and laterals as each sub- 
division is constructed. Sewage from 
a group of houses would then be con- 
centrated at a strategic point. As the 
area developed these points could be 
joined by trunk sewers, and still later 
the trunk sewers could be connected 
by interceptors to carry the sewage to 
the permanent treatment plant. At 
each point of concentration a tem- 
porary facility would be provided to 
treat or handle the sewage in such 
a way that the public health hazard 
would be minimized. 
Temporary Treatment 

Such schemes as the use of tem- 
porary pump stations and force mains 
are being used to convey the sewage 
to an established system. Dry sewers 
and temporary individual systems are 
sometimes installed until the central 
system can be extended. In other 
schemes the sewage is treated and dis- 
charged near the central collection 
point. Stabilization ponds have re- 
cently come into use for this purpose 
and under proper circumstances hold 
much promise. There is immediate 
need for the development of other de- 
pendable, low cost, high performance 
sewage treatment plants which can 
be used to provide interim treatmnt. 

The purpose of the interim plant 
and the conditions under which it is 
operated are sufficiently different from 
the conventional community plant to 
indicate a radically different concept 
of design and use. In that the plant 
will be replaced by a more permanent 
facility within the foreseeable future, 
first cost should be low and the possi- 
bility of salvage value should be con- 
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sidered. In spiite of its temporary 
nature, careful construction is neces- 
sary because full growth of a subur- 
ban area takes time, and the plant 
may be required to serve five to ten 
years. In the general situation, dilu- 
tion water at the plant outfall will be 
meager or non-existent. Therefore, 
the plant must perform at a very high 
level, and tertiary treatment or stor- 
age of the effluent may be required. 
The plant will be located in the vi- 
cinity of residences and it should 
either be attractive or inconspicuous. 
Odors or other nuisance must be held 
to a minimum. Satisfactory provisions 
must be made for the disposal of 
sludge. The cost of maintenance re- 
quired by the plant and sewers must 
be modest. In the small plant, large 
volumes of clear storm water can 
cause serious difficulty. The collec- 
tion system must be constructed with 
care to minimize infiltration. In this 
respect, too little attention is given to 
the construction of house sewers. As 
a general rule the total length of 
sewers connecting individual houses 
to the street sewers will be greater 
than that of all other sewers in the 
system. Therefore, the value of tight 
street sewers is diminished if ground 
water can infiltrate poorly laid house 
sewers, It follows that roof, founda- 
tion, and other storm drainage must 
be excluded. 


Cost to Individual 


Reflecting the inefficiency of interim 
systems, the charge per home for sew- 
erage service will be high. However, 
the number of homes served will be 
small, and thus, the total operating 
budget will be small. The cost of 
interim sewage service should promote 
the establishment of a more efficient 
system. A great disservice can be done 
if home-owners are not required to 
bear the full expense of operating the 
interim system. It is presumed that 
such systems will be inefficient from 
an administrative standpoint, and 
therefore, the unit operating cost per 
house served will be high. It is evi- 
dent that enthusiasm for plans to in- 
crease efficiency is in direct propor- 
tion to the anticipated reduction in 
cost. Even though they eventually 
pay for the service, in any event home- 
owners will support formation of dis- 
tricts or other schemes that will re- 
sult in a reduced monthly charge. On 
the other hand, if a unified district will 
result in a higher monthly charge, it 
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is difficult for the voter to appreciate 
the value of efficiency. 


Small Permanent Treatment Plants 

When it is probable that the area 
surrounding an island of high popula- 
tion density will not be urbanized for 
many years, the small sewage handling 
system may be justified as a perma- 
nent solution. In this instance appre- 
ciable capital investment can be made 
profitably in the treatment plant to 
minimize operating and maintenance 
costs. In that the system is intended 
to be permanent, a real problem ex- 
ists in determining the type and num- 
ber of small treatment plants that are 
economically justifiable and admin- 
istratively acceptable. With proper 
information, this problem is amenable 
to economic analysis. 

An increasing demand for small 
permanent plants is presented by 
schools, motels, trailer parks, recrea- 
tional facilities, and other scattered 
installations. By their very nature, 
establishments of this type are located 
to serve a need, and that location is 
often many miles from a‘ community 
sewage disposal facility. As evidenced 
by the concern of state and local sani- 
tary engineers throughout the coun- 
try, improper sewage disposal at such 
an establishment constitutes a serious 
public health hazard. As the nation 
grows, becomes more mobile, and has 
more leisure time to enjoy parks and 
other recreational facilities, the prob- 
lem will become more acute. 


A section of the “Manual of Septic 
Tank Practice” deals with schools, in- 
stitutions, recreational areas, and oth- 
er establishments. Likewise, a major- 
ity of the states have issued pam- 
phlets with recommendations for 
schools and public buildings. In gen- 
eral, these publications are devoted to 
septic tanks, Imhoff tanks, and sur- 
face and subsurface filters. The ori- 
gin of these recommendations, with 
modest refinement, dates back 25 to 
30 years. 

There is a wide divergence in the 
requirements for plants for individual 
households, for the small community, 
and for other establishments. The vol- 
ume, character, and pattern of dis- 
charge of the wastes are different. 
Conditions for maintenance and oper- 
ation are different. The ease and ex- 
tent of regulatory control varies 
greatly. For instance, a health officer 
could cause a restaurant to close for 
repairs to a malfunctioning plant, but 


an order to close residences-for the 
same purpose would likely be ignored. 
Wastes characteristics, maintenance 
and operation, and ease and extent of 
regulatory control are all factors im- 
portant to a rational technology to pro- 
vide sewage disposal with reasonable 
economy. Investigation and research 
should be utilized to devise suitable 
schemes based on the nature of the 
general problems likely to be encoun- 
tered and the application of modern 
science to the unit processes involved 
in treating and disposing of liquid 
wastes. 


Individual Household Systems 

A permanent demand for the indi- 
vidual household system is created by 
the construction of houses on large 
lots in the suburbs of metropolitan 
areas (4). The most common indi- 
vidual household system consists of a 
septic tank followed by soil absorption 
to dispose of the partially treated 
liquid. Largely as a result of the 
interest and support of the Federal 
Housing Administration a new tech- 
nology is being developed to permit 
intelligent use of the septic tank soil 
absorption system. FHA has author- 
ized an expenditure of more than 
$400,000 for reimbursable research 
contracts at the Robert A. Taft Sani- 
tary Engineering Center in the past 
three years. 

The present usefulness of the septic 
tank system is limited by the absorp- 
tion characteristics of soil. Because 
at least half of the major soil groups 
in the country are relatively impervi- 
ous, and because a demand for dis- 
persed homes and large lots is.increas- 
ing, there is need for workable 
schemes for individual houses built on 
impervious soil. It is possible that a 
different type of pretreatment would 
render sewage fit for disposal in soil 
now considered unsuitable for septic 
tank effluent. With dependable elec- 
tric power readily available there is 
reason to believe that radically differ- 
ent sewage disposal appliances could 
be developed. 

Several private concerns have at- 
tempted development of devices utiliz- 
ing the aerobic principle. The interest 
of private capital in this endeavor 
should be stimulated, but its efforts 
are hindered by lack of definition of 
an acceptable effluent and the paucity 
of information pertaining to public 
health hazards associated with the dis- 
posal of effluent from these devices. In 





the development of these devices the 
emphasis has been on treatment rather 
than effluent disposal. With individual 
household units the basic problem is 
one of disposal of a large volume of 
liquid rather than sewage treatment 
in the conventional sense. 

Geel {lew OR 
Alternate Media for Ultimate Disposal 


The technology of treating and 
disposing of domestic sewage from 
American communities is based on the 
use of surface water for the final 
disposal of partially treated liquid. It 
has been convenient for inland com- 
munities to collect and dispose of their 
liquid wastes in rivers or lakes. The 
type and degree of sewage treatment, 
if any, is selected to prevent unsatis- 
factory conditions. In all cases, how- 
ever, ultimate disposal is accom- 
plished through the ability of the re- 
ceiving body of water to purify itself. 

In many suburbs a body of dilution 
water suitable for effluent disposal is 
not adjacent to new housing develop- 
ments. The insistence on the use of 
surface water as the only acceptable 
waste disposal medium is placing a 
costly and perhaps unnecessary re- 
striction on the orderly development 
of land. It is not only logical but 


imperative for sanitary engineering 


research efforts to be directed toward 
the development of other acceptable 
media for ultimate waste disposal. 

It is evident that in the absence 
of an adequate body of receiving wa- 
ter, only three alternate disposal media 
exist; (a) the subsoil, (b) the ground 
surface, and (c) the atmosphere. All 
three alternatives are being used, 
sometimes intentionally, but inten- 
tional or otherwise, fundamental 
knowledge required to use these me- 
dia intelligently is lacking. 
Surface Disposal 

In many suburban areas dry ditches 
and storm water drainage courses are 
being used to dispose of partially 
treated sewage. Undoubtedly, in many 
cases, the fraction of waste that does 
not evaporate to the atmosphere or 
infiltrate into the soil receives a very 
high degree of treatment before it 
finally reaches a flowing stream. How- 
ever, the degree of treatment required 
to eliminate the public health hazard 
is unknown. Surface discharge is 
relatively infrequent and for the most 
part is tolerated on a sub rosa basis. 
Should the practice become general, 
serious attention must be given to 


effluent standards and dependability 
of sewage treatment devices. 
Evaporation 

Evaporation and thus disposal in 
the atmosphere is an important factor 
in stabilization ponds under some cli- 
matic conditions. Even where evapo- 
ration is an insignificant factor, ponds 
can be adapted to the point where 
effluent quality would place them in 
the category of disposal media. A 
stabilization pond can be considered 
as an artificial lake providing a body 
of dilution water consisting of treated 
sewage. The use of ponds represents 
the first important break with tradi- 
tional methods of community waste 
disposal. In view of the urgency of 
the situation their developmient and 
exploitation should be pressed with 
vigor. 

Soil Disposal 

Soil is also being used extensively 
as a medium for disposal of waste. 
Although soil absorption systems are 
used almost exclusively at individual 
households, approximately fout billion 
gallons of partially treated waste are 
disposed of in this manner each day. 
There is no real reason for limiting 
the use of soil to the individual sys- 
tem. However, little is known of the 
fundamentals of soil clogging and oth- 
er factors governing efficient use of 
the soil. For instance, the septic tank 
is used almost universally to pretreat 
sewage in preparation for soil absorp- 
tion, yet such anzrobic pretreatment 
has never been established as the most 
desirable. 

Many experts agree that a major 
research effort should be devoted to 
facets such as the persistence of 
ground water contamination, the fac- 
tors governing self-purification of 
ground water, the role of oxygen dif- 
fusion, evapo-transpiration, and other 
factors involved in the use of soil as 
a disposal medium as well as the 
mechanical aspects of transmitting 
liquid into the soil. 


Small Installation Problems 
With the exception of some of the 
primary steps such as screening and 


‘sedimentation, treatment of sewage 


depends on the biological processes of 
stabilization and purification. The 
economy of utilizing biological treat- 
ment for large volumes of sewage is 
probably beyond challenge. However, 
there is an ever-increasing demand for 
plants to serve individual households 
and small installations. The volume 
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to be treated measures in hundreds 
rater than millions of gallons per day. 

The problems associated with con- 
trolling biological processes are as 
complicated in small plants as they are 
in large plants. In most cases, how- 
ever, the small installation cannot sup- 
port the services of a full-time skilled 
operator. 

A consequence of modern living is 
the appearance in sewage of synthetic 
organic compounds such as the active 
agents used in modern detergents. It 
has been common knowledge for some 
years that these compounds are highly 
resistant to biological degradation. 
The adverse effect on sewage treat- 
ment and the persistence of detergents 
in surface water have been noted and 
lamented, but little has been done to 
alter treatment processes or take other 
positive action to correct the situation. 
In spite of the problems created, it 
is likely that the use of detergents will 
continue, and furthermore, modern 
chemistry will produce further ad- 
vances resulting in other biologically 
resistant chemicals in domestic sew- 
age. 

Sewage treatment is accomplished 
biologically by transferring dissolved 
and colloidal organic material to a 
liquid, converting separated solids to 
gas or reducing the volume of the 
solids to an insignificant bulk, and 
disinfecting or pasteurizing the effi- 
ent. Utilizing physical and chemical 
principles, it should be possible to in- 
corporate these unit processes into an 
automatic, completely mechanized 
sewage treatment plant. 


Economic Analysis 

With new housing starts in excess 
of one million per year, the initial 
annual capital outlay for sewerage fa- 
cilities to serve new houses is approxi- 
mately one-half billion dollars. It is 
likely that a modest effort in research 
leading to more efficient practice can 
result in savings many times the cost 
of the research. For instance, in a 
recent development of the FHA sep- 
tic tank studies (5) it was conclusive- 
ly demonstrated that the distribution 
box can be eliminated and the design 
of the soil absorption system can be 
greatly simplified. The application of 
this finding will result in better per- 
formance and an annual saving in first 
cost alone of more than six million 
dollars. Conversely, it is apparent 
that inefficient practices can cost the 
country a staggering sum of money, 
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to say nothing of the danger and 
aggravation that is often generated. 

With the development of a tech- 
nology which provides solutions for 
the complete spectrum of situations 
which may occur in an expanding 
metropolitan area, the engineer will 
be confronted at times with a choice 
of several alternate acceptable solu- 
tions. A rational choice can be made 
through the use of economic analysis 
that integrates public health consid- 
erations and administrative costs with 
engineering design factors. An eco- 
nomic model has been proposed in a 
paper titled “The Status of the Tech- 
nology of Individual Household Sew- 
age Disposal Systems,” now under 
consideration by the National Re- 
search Council, Committee on Sani- 
tary Engineering and Environment, 
and to be published in a future issue 
of this JourNAL. In order to apply 
the method to the solution of actual 
problems, the heretofore intangibles of 
public health administration and pub- 
lic health hazards must be evaluated. 

Even with the paucity of informa- 
tion now available the economic anal- 
ysis is proving its worth in determin- 
ing the amount of money that can 
profitably be invested in tests to de- 
termine the size of soil absorption 
systems. Another interesting applica- 
tion is in determining the minimum 
lot size for use of individual systems 
when total cost including that of ad- 
ministration is the only factor involved 
in a choice with a community system. 


Importance of Planning 

A discussion of the problem would 
not be complete without considering 
the importance of planning. Metro- 
politan areas are faced with three de- 


mands: (a) a backlog demand created 
by failure to provide adequate facili- 
ties for new construction in the past 
20 years, (b) a replacement demand 
for facilities wearing out or needing 
modernization, and (c) an expansion 
demand to accommodate the expected 
growth in population (6). The pres- 
ent nature of the first two demands 
has created sufficient pressure in many 
localities to get action started. How- 
ever, with a few exceptions, plans to 
accommodate expansion are non-ex- 
istent. 

To be of maximum benefit, plans 
to accommodate expansion should be 
made for each drainage basin in the 
metropolitan area. In view of the 
many uncertainties a rigid master plan 
is probably impractical. A plan that 
defines the drainage basin, indicates 
the logical site for a treatment plant, 
the location and size of the main trunk 
sewers, and the probable type and 
density of development could become 
the basis for cooperative action be- 
tween builders and health authorities. 
With a pattern to work from, house 
builders and authorities can determine 
the most desirable final solution for 
sewage disposal at a particular site. 
The initial sewers or other facilities 
can then be sized and located so that 
they become elements of the final sys- 
tem. Without a plant to work from, 
orderly growth of the sewerage 
scheme is impossible. 


Summary 

The dwindling farm population, de- 
mand for home-ownership, modern 
home financing, scarcity of land served 
by sewers, expressways, and a phe- 
nomenal increase in the birth rate are 
all factors indicating that the problem 
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of sewage disposal in suburban areas 
will become increasingly acute for 
many years to come. Application of 
acceptable sewage disposal schemes 
to the general situations developing in 
metropolitan areas leads to the con- 
clusion that technology must be forti- 
fied to meet the changing situation. 


Five applied sciences should be es- 
tablished to permit the common use 
of: (a) interim sewage handling 
schemes, (b) small permanent sew- 
age treatment plants, (c) new or mod- 
ified individual household systems, 
(d) alternate media for the ultimate 
disposal of partially treated waste, 
and (e) sewage treatment processes 
independent of biological activity. 

Economic analysis and metroplitan 
planning must become a part of stand- 
ard practice for sanitary engineers if 
costly and aggravating errors are to 
be avoided. 
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Unique Rex hydraulic principle 
boosts circular tank capacity 


A. Rex Rim-Flo saves Sioux Falls $100,000 and solves a severe overload 
problem. Normally an additional 80-foot-diameter clarifier would have been re- 
quired to eliminate the serious sewage treating overload at Sioux Falls, South Dakota. 
Instead, the two existing conventional tanks were converted to the Rex Rim-Flo 
principle—providing the needed capacity for a $100,000 saving. 


B. Rex Rim-Flo boosts tank capacity 50% for Ann Arbor. Ann Arbor, 
Michigan, was another city requiring increased sewage treating capacity. One of four 
existing 70-foot-diameter final clarifiers was converted from conventional center feed 
to Rex Rim-Flo (foreground)—increasing capacity 50% and eliminating the need for 
an additional tank. A Rex Unitube Tow-Bro Sludge Collector replaced the existing 
flared nozzle unit to handle the increased sludge. 


The examples featured above are just two of several instances where Rex Rim-Flo 
has offered more treatment for less money. The Rim-Flo hydraulic principle assures 
relief for outmoded and overloaded circular settling tanks. 


This unique Rim-Flo design introduces the flow into the tank with extreme ac- 
curacy, and at a uniform low velocity, for ideal settling conditions. The adjacent 
cutaway view illustrates the unusual flow pattern of the new Rex Rim-Flo. 


For additional information on Rex 
Rim-Fio or any of the other pilus 
value Rex equipment, write 
CHAIN Belt Company, 4610 W. 
Greenfield Ave., Milwaukee 1, 


ESERE.W omiwaukee 1, wisconsin Wisconsin. 
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Insecticide Pollution of Water Resources* 


by H. PAGE NICHOLSON 


Sr. Scientist in Charge, Insecticide Pollution Investigations, San. Eng. Services, USPHS, Atlanta, Ga. 


HE question of whether insecti- 

cides damage water resources is 
offered as a subject for thought; the 
answer has not yet been resolved fully. 
The term “water resources” as used 
in this article means not only water 
itself but also the useful life existing 
in it, such as fish and organisms upon 
which fish depend directly or indirect- 
ly for food. 

Insecticides are employed ii many 
ways and situations, but the people 
occupied with the control of water 
supply and water pollution are most 
concerned with large-scale applica- 
tions that might result in damage to 
water resources. The principal large- 
scale uses are in agriculture, although 
considerable quantities are used to 
control forest and biting pests. 

The use of insecticides in agricul- 
ture is routine and is necessary for 
profitable production of many food 
and fiber crops. Prior to 1940, the 
chemical defense against insect pests 
consisted mainly of toxicants of min- 
eral origin. A few organic insecticides 
were on hand, but these had compara- 
tively limited use, except for a few 
vegetable extracts that quickly lost 
toxicity or volatilized after applica- 
tion. Damage to water resources from 
insecticides prior to 1940 appears to 
have been negligible. 

The period since 1940, at the begin- 
ning of which DDT (dichloro-di- 
phenyl-trichloroethane) came into use, 
has been one of intensive research re- 
sulting in many new synthetic organic 
insecticides. By 1955, more than 100 
such compounds were in commercial 
use (1), but only fifteen to ecight- 
een account for the majority of sales 
(2). 

Farmers have received the new or- 
ganics with enthusiasm because of 
their greater efficiency in protecting 
crops. Some of these compounds are 


* Reprinted from Jour. AWWA Vol. 51, 
pgs. 981-986 by permission. 


W.&S.W.—REFERENCE NUMBER—1960 


characterized by long residual activity, 
effectiveness against a wide variety of 
insect pests, and amenability to mass 
dispersal by means of ground or air 
equipment. Others are advantageous 
because of their transient nature, abil- 
ity to kill insects quickly, or low toxic- 
ity to man and livestock. With some 
notable exceptions, development has 
taken place along two chemical lines: 
the organic phosphorus compounds, 
the first of which became available in 
1938, and the chlorinated hydrocar- 
bons. 

The organic phosphorus compounds 
include insecticides that hydrolyze 
with comparative rapidity. One of the 
longer lasting ones in common use, 
parathion, is 50 per cent hydrolyzed 
in water in 120 days (1). Others have 
a duration measured in hours or a few 
days. In general, the organic phos- 
phorus insectisides are less toxic to 
fish than are the chlorinated hydro- 
carbons (3). For the reasons, those 
currently in use are not as apt to 
damage water resources as are the 
chlorinated hydrocarbons, unless they 
are applied directly to water. 

The chlorinated hydrocarbon insec- 
ticides constitute the most important 
group at this time. Eight of these 
compounds—aldrin, BHC (benzene 
hexachloride), DDT, dieldrin, endrin, 
heptachlor, toxaphene, and TDE 
(tetrachlorodiphenylethane)—are the 
insecticides that have the greatest po- 
tential for damaging water resources. 
All are coinpounds used extensively to 
control field and forest insects; they 
have long residual activity and low 
solubility in water. 


Extent of Usage 

In order to gain background mate- 
rial useful for evaluating damage to 
water resources, efforts have been 
made to learn the extent of insecticide 
usage in the agriculture of the South- 
east. It is desirable to know not only 
how much insecticide is being used, 


but also what kinds are used and 
where they are applied. Information 
concerning the quantity sold annually 
has proved difficult to obtain on a re- 
gional basis. Manufacturers are un- 
derstandably reluctant to release data 
revealing the volume of sales at their 
various outlets. Several state agricul- 
tural extension services in the South- 
east have obtained annual estimates 
through county agricultural agents, 
but practice was discontinued several 
years ago, except in Alabama. Conse- 
quently, it has been necessary to de- 
pend largely upon data gathered be- 
tween 1950 and 1955, and upon other 
more up-to-date related information, 
to piece together some idea of the ex- 
tent that insecticides are used in agri- 
culture. 

The market for insecticides in Mis- 
sissippi, Alabama, Georgia, South 
Carolina, Florida, and Tennessee was 
served during the period 1957-58 by 
223* local agricultural insecticide- 
formulating companies. No monetary 
value could be placed on products sold 
by these companies, but the Florida 
State Plant Board estimates that in 
1957 the cost to the consumers for in- 
secticides alone to control Florida’s 
most destructive insects approached 
$41,000,000. (4). 

In 1957, approximately 7,500,000 
acres in the Southeast were planted 
in leading commercial crops that re- 
quire some degree of protection by 
insecticides.| These crops were cot- 
ton, peanuts, soybeans, tobacco, truck 
crops, and tree fruits (including nuts 
and grapes). This figure varies some- 
what from year to year, depending 
upon the demand for the products and 
the acreage restrictions established by 
the U.S. Department of Agriculture. 
Profitable commercial production of 


*From lists of registrants on file with 
state departments of agriculture. 

+ Data from Agricultural Marketing 
Service, U.S. Department of Agriculture, 
Atlanta, Ga. 





these crops depends on protection 
against damage by insects; therefore, 
it is safe to assume that most of this 
vast acreage was protected by insecti- 
cide to some degree. Cotton accounted 
for nearly half this acreage in 1957 
and is the leading commercial crop 
in number of acres in each state of 
the region, except Florida. 
Commonly Used Insecticides 

Data on insecticide usage have been 
acquired from Alabama, Mississippi, 
and South Carolina (5). The quanti- 
ties used vary from year to year ac- 
cording to the acres planted, the 
abundance of insects and the severity 
of their depredations, the species in- 
volved, weather conditions, and the 
kinds of insecticides currently popular. 
These data show that a greater quan- 
tity of DDT is used in the Southeast 
than is any other insecticide. DDT 
is used widely for the control of insect 
pests that damage cotton, peanuts, 
soybeans, and truck crops. Toxaphene 
and benzene hexachloride hold second 
and third place, respectively, in terms 
of pounds of technical grade insecti- 
cide applied. 
Application to Cotton 

Most detailed data are available re- 
garding the insecticides used on cot- 
ton. The average amount of technical 
grade insecticide applied to cotton 
varies from 3 to 7 Ib/acre annually and 
consists chiefly of chlorinated hydro- 
carbon compounds (5). On the basis 
of these annual averages and the total 
cotton acreage of 3,633,400 harvested 
in 1957, 11,000,000-25,000,000 Ib of 
technical grade insecticide were ap- 
plied to cotton in the six Southeastern 
states that year. It has been said that 
during the past 10 years, 60 per cent 
of the total cultivated acreage in the 
13 delta counties of Mississippi, the 
chief cotton growing section of that 
state, has had about 70-100 Ib/acre 
of technical grade insecticide deposit- 
ed on it. (6). 
Toxicity 

What becomes of this vast amount 
of toxic material after it has been ap- 
plied to our soil? Part of it is mixed 
into the soil where it remains indefi- 
nitely. Some of it deteriorates, but 
surprisingly little is known about the 
loss of stable chlorinated hydrocarbon 
insecticides from the soil. It is sus- 
pected that much of it is washed into 
the nearest watercourse from the soil 
surface. Reason dictates that insecti- 
cides cannot be deposited on uplands 
year after year without eventually get- 


ting into lakes and rivers. 


What evidence is there that insecti- 
cides has entered bodies of water or 
have damaged water resources? Sev- 
eral instances are on record from vari- 
ous places in the United States where 
insecticides, being employed to con- 
trol forest or agricultural pests, acci- 
dentally have been released over 
streams and have resulted in severe 
damage to aquatic life. Sometimes 
these applications are made purposely, 
with damaging side effects. In 1955, 
such an incident occurred in St. 
Lucie County, Florida, where 2,000 
acres of salt marsh were treated with 
dieldrin at the rate of 1 lb/acre for 
the control of sandfly pests (7). The 
fish in the canals bisecting the marsh 
that were killed as a result of this 
treatment were estimated to weigh a 
total of 20-30 tons and repopulation 
did not begin for at least 4 weeks. 
Aquatic crabs and other crustaceans 
apparently suffered near annihilation. 

There is evidence, too, that insecti- 
sides washed from the soil by rains 
have entered surface water and caused 
damage. In 1950, fish were decimated 
in fifteen streams tributary to the Ten- 
nessee River in Alabama by tova- 
phene and other insecticides applied 
to cotton fields (&). Two of these 
streams were sources of municipal 
water supply,but there was no evi- 
dence of adverse effects on humans. 
The daily deaths of goldfish, suspend- 
ed in cages in the river at one of these 
water intakes, showed that passage of 
the toxic water required at least a 
week. 


DDT 

Mass killings of fish readily come 
to the attention of the public, but there 
may be more insidious damages. In 
1953, scientists at the Robert A. Taft 
Sanitary Engineering Center in Cin- 
cinnati recovered DDT from the De- 
troit River and Lake St. Clair in both 
the raw and treated water (9). DDT 
was present in the initial sample taken 
in January and persisted in samples 
collected over a 6-month period. It 
was recovered also from water of the 
Mississippi River at Quincy, Ill., and 
at New Orleans; the Missouri River 
at Kansas City, Kan. ; and the Colum- 
bia River at Bonneville Dam, located 
between Washington and Oregon, 
during the months of April, May, and 
June 1957. It was presumed that 
large-scale insect control operations 
were the source of the DDT, which 
was estimated to have been present in 
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amounts varying from 0.001 to 0.02 
ppm. 

There is no record that aquatic life 
suffered from the presence of this 
DDT, although it is doubtful that an 
investigation was made. It can only 
be speculated that losses may have oc- 
curred. These losses need not have 
been to fish directly, but to their food 
supply. Therefore, the effects on 
aquatic organisms of the minute 
amounts of insecticide that trickle into 
rivers and lakes may be no less catas- 
trophic in the long run than the sudden 
appearance of lethal quantities of these 
compounds. This possibility remains 
to be more fully evaluated. 

It has been mentioned that DDT 
was recovered from treated municipal 
water. The quantity present was too 
small to affect humans adversely and, 
in fact, constituted a minor proportion 
of the exposure to DDT normally en- 
countered by a large part of the popu- 
lation (10). This contention is fur- 
ther supported by the work of Ortelee, 
who found no evidence of chronic 
poisoning in men who were exposed 
to DDT for as long as 6.5 years, in 
such a way that they absorbed an aver- 
age of about 200 times as much DDT 
as that absorbed by the general popu- 
lation from their food (17). 

Other Insecticides 

A full evaluation of the effects of 
other currently used insecticides on 
the quality of water for human con- 
sumption remains to be made. Gen- 
erally speaking, it may be concluded 
that if insecticides are not present in 
a stream or lake in sufficient quan- 
tities to kill fish, there will be no 
known significant public health haz- 
ard due to insecticides in drinking 
water from these sources. Benzene 
hexachloride, however, can impart a 
disagreeable taste to water at 0.02 
ppm (12). 

Detection and Removal 

There are no chemical tests that a 
water plan operator can perform 
quickly and routinely to detect the 
presence of organic insecticides. He 
can, however, employ a simple, con- 
tinuous bioassay procedure to detect 
the presence of insecticides or other 
toxic substances within the range 
lethal to fish. This can be done by 
maintaining a pool, either indoors or 
out, stocked with goldfish or some 
other suitable variety. Treated water 
taken from the system just prior to 
postfiltration disinfection should be 
allowed to flow through this pool con- 
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tinuously. If it is necessary to use 
water after postfiltration disinfection, 
care should be taken to aerate the in- 
fluent water to permit the escape of 
chlorine or chlorine compounds, 
which, when dissolved in water, will 
kill fish. 

Studies of rotenone and toxaphene 
formulations by Cohen and colleagues 
(13) at the sanitary engineering cen- 
ter, indicate that these insecticides may 
be removed from water during the 
treatment process by use of activated 
carbon in amounts depending upon the 
toxicant present and its concentration. 
The fish pool bioassay would be an 
indication to the plant operator when 
his rate of carbon application was suf- 
ficient to effect removal. Fish sus- 
pended in cages in the raw-water sup- 
ply would also indicate when the pas- 
sage of toxicity had ceased. 


Current Investigations 


The Water and Pollution Control 
Office of USPHS in Atlanta, Ga., in 
cooperation with the state health de- 
partment of Alabama, Florida, Geor- 
gia, Mississippi, South Carolina, and 
Tennessee, has undertaken a program 
of field research to evaluate the insecti- 
cide pollution problem. Related work 
also is being done at the sanitary engi- 
neering center in Cincinnati. These 
studies seek to determine : 

1. The identity and concentration 
of insecticides present in surface and 
ground waters 

2. The factors that contribute to- 
ward their presence there 

3. Their effects on fish and other 
forms of aquatic life 

4. The extent to which insecticides 
are present in treated water for domes- 
tic use. 

It is postulated that insecticide pol- 
lution may be correlated with soil 
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types, topography, and rainfall. If 
these relationships can be discovered, 
it may be possible to predict conditions 
under which insecticides may damage 
water resources. These criteria would 
prove most useful in preventing water 
poliution by insecticides, and in plan- 
ning future large-scale insect control 
campaigns. 


Summary 

Since 1940, synthetic organic in- 
secticides have come into general use. 
It is estimated that in 1957, 11,000,- 
000-25,000,000 Ib of these compounds 
(technical grade) were applied to cot- 
ton in six southeastern states. Total 
insecticide usage in these states is un- 
known, but cotton accounted for near- 
ly half the acreage planted in 1957 in 
leading commercial crops requiring 
protection by insecticides. 

It is suspected that a substantial 
quantity of the stable, chlorinated 
hydrocarbon insecticides applied to 
farm crops wash from the soil surface 
into streams and lakes, where serious 
damage may result to water resources, 
particularly to fish and other aquatic 
life. The effects of DDT on humans 
have been evaluated thoroughly, but a 
more complete evaluation of the ef- 
fects of other currently used insecti- 
cides on water quality for human con- 
sumption remains to be made. Gener- 
ally speaking, however, it may be 
concluded that if insecticides are not 
present in a stream or lake in suffi- 
cient quantities to kill fish, there will 
be no known significant public health 
hazard due to insecticides in drinking 
water from these sources. 

A simple, continuous bioassay pro- 
cedure has been proposed that may be 
employed routinely by municipal 
water plant operators to detect in fin- 
ished water the presence of insecti- 


cides or other toxic substances within 
limits lethal to fish. 

The ultimate objection of the 
USPHS program to evaluate the in- 
secticide pollution problem are listed. 
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Thermal Discharges 


by RONALD H. LABERGE 


Asst. San. Engr., Sewerage & Wastes Section, Dept of Health, Albany, N. Y. 


® A STREAM’S ENVIRONMENT changes 
with the course of its development. 
The gushing waters of the mountain 
brook form placid lowland streams 
then rivers which in turn contribute 
to the tidal rivers which eventually 
discharge to the ocean. Each displays 
an entity peculiar only to itself. A 
stream’s characteristics are dynamic : 
governed by environment, ever chang- 
ing, never static and forever in a state 
of non-equilibrium. 

A stream’s environment is a func- 
tion of many contributing factors. To 
mention but a few: The physiography 
of its drainage area—its ground cover, 
soil type and land uses; the seasonal 
pattern of air and water temperature ; 
the quantity and patterns of precipita- 
tion; the seasonal pattern of runoff 
and flood frequency. It is not im- 
plied that a stream’s environment is 
governed only by “natural” factors. 
Pollution, through domestic and in- 
dustrial discharge, alters the streams 
“natural” environment and in doing 
so, alters the aquatic communities 
contained therein. 

Of the more important pollutional 
changes in the biological balance of 
a Stream, the effect of temperature has 
not received the attention nor study 
it demands. Stream temperatures 
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through heated domestic and indus- 
trial effluents have steadily increased 
in some areas until they have become 
almost equal in status to organic pol- 
lution. 

Existing thermal loadings dis- 
charged to streams are at present only 
of local concern. To mention a few: 
The Mahoning River and Miami 
River in Ohio; the Tittabawassee 
River in Michigan, and the Fox River 
in Illinois. The thermal loadings 
which can be expected in the coming 
years, however, may well develop into 
a national problem. 

Thermal pollution today may be in 
the same stage of development as 
organic pollution was in the 1920's. 
Future increases in power production 
will cause proportional increases in 
heated effluents to streams. Figure 1 
shows the actual peak kw production 
from 1948 to 1957 and the predicted 
production to the year 1975. In 1960, 
the estimated peak production will be 
about 210 billion kw which triples the 
peak production of 62 million in 1950. 
The 1975 peak production is estimated 
at double the 1960 value. Although, 
the predicted increase seems unbe- 
lievable, it should be noted that ex- 
perts have consistently revised their 
“guestimates” upwards. The data por- 


trayed in Figure 1 are not at all un- 
reasonable. It can be safely assumed 
that a fair share of the expected ther- 
mal discharges from atomic power 
plants will be distributed throughout 
the country’s river system, adding 
measurably to future thermal loads. 

It is seen that pollution of our 
streams and rivers through tempera- 
ture increases is a very real and press- 
ing problem. Quantitative formula- 
tions for the temperature effects on 
the biological balance are, therefore, 
very much in need. 


Temperature and Aquatic Life 

In general, the temperature of 
streams of moderate depth will not 
be much below the monthly mean air 
temperature. In the critical summer 
months of July and August, the water 
will be within 3° C above or below 
the monthly mean air temperature 
during July and from 2-5° C above 
the monthly mean air temperature in 
August. The higher stream tempera- 
tures usually occur after a succession 
of warm days and nights with the peak 
temperatures occurring in the mid- 
afternoon. 

Temperature zones in which fish 
can live in comfort is y lim- 
ited to a range of about 15° F*. How- 





ever, the tolerance to a specific tem- 
perature level is not necessarily cor- 
related with the geographical location 
of a fish population but rather, to the 
species itself*. Although fish can live 
in comfort throughout a range of 15° 
F, a sudden temperature change of a 
lesser magnitude could be lethal. For 
example, a sudden rise of more than 
2° C may be harmful to the American 
Sunfish*. A slight rise of 2-3° C is 
sometimes sufficient to eliminate trout 
or to render the stream less favorable 
and undesirable for them®. Few trout, 
even the most tolerant species, can 
survive temperatures above 82-83° F 
even for short periods®. Should sub- 
lethal temperatures be maintained for 
protracted periods, some fish popula- 
tions will be reduced and conditions 
made more favorable for the more 
heat tolerant species. Temperatures 
exceeding the lethal limit for only 
short periods will reap disastrous ef- 
fects. 

Fish have mechanisms whereby 
they may become acclimated to in- 
creased temperatures. However, re- 
gardless of the period of acclimization 
the temperature at which the most 
hardy of species cannot survive is 
about 104° F*%. Other inhibiting 


agents may also become a factor. For 
example, no apparent harmful effects 


to bass and other fish were observed 
at a temperature of 96° F in the 
T.V.A. reservoir of northern “Ala- 
hama®. This same worker, however. 
found that in the northern part of the 
country bass have been killed by a 
water temperature of 94° F. 

It is seen therefore, that tempera- 
ture does not act as a separate agent. 
That is, there are associated “second- 
ary” phenomena which inhibit fish 
life. Increased stream temperatures 
multiply the toxicity of many poison- 
ous materials. This is presumably a 
synergistic action. For example, a 10° 
C rise doubles the potassium cyanide 
toxicity te fish’. Toxicity to o-xylene 
was trebled by an 8° C rise®. Since 
the temperature effect on toxicity 
varies with each substance and with 
concentrations of any specific mate- 
rial, no formulation of a hard and 
quick rule may be made in determin- 
ing this temperature effect. 

Increases in stream temperature 
through heated effluents will usually 
be discharged in or near domestic or 
industrial waste effluents. The syner- 
gistic relationship between tempera- 
ture and toxicity is therefore a rela- 
tively common occurrence. In _pol- 
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luted waters, fish kills caused by a 
small rise in stream temperature have 
occurred. This same rise in tempera- 
ture may have been relatively harm- 
less in an unpolluted stream where 
toxic substances were absent. The re- 
verse of this is also true. That is, 
toxic substances may be of such a 
concentration as to be unable to cause 
fish kills without a corresponding 
higher temperature increasing its tox- 
icity. 

As stream temperatures rise the 
ability of a stream to hold dissolved 
oxygen decreases. At 20° C, 9.17 
mg/L can be dissolved while at 30° C 
only 7.63 can be dissolved. 

As the temperature is increased the 
metabolic rate and corresponding oxy- 
gen requirements of fish and other 
aquatic organisms are increased. Ac- 
cording to van t’Hoff’s law the rate 
at which respiration and other oxida- 
tion processes proceed is approximate- 
ly doubled or tripled for every in- 
crease of 10° C. For example, it has 
been shown that for short periods of 
exposure, the minimum lethal concen- 
tration of dissolved oxygen for Yellow 
Perch was 0.77 mg/L at 11.1° C and 
1.34 mg/L at 21.1° C®. 

At high temperatures, fish need 
more oxygen when the stream has less 
oxygen available for utilization. In a 
temperature range from 0-4° C many 
fresh water fish can tolerate a D.O. 
content as low as 1-2 mg/L. How- 
ever, when the temperature is in- 
creased to a range of 15-20° C 3.0 
mg/L is generally lethal but 5 mg/L 
non-lethal. 

The Aquatic Life Advisory Com- 
mittee of the Ohio River Valley Wa- 
ter Sanitation Commission has for- 
mulated even more stringent dissolved 
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oxygen criteria’. They state that for 
warm water fish not less than 5 mg/L 
of dissolved oxygen should be main- 
tained during at least 16 hours of 
any 24 hour period. The dissolved 
oxygen content may be less than 5 
mg/L for a period not to exceed 3 
hours within any 24 hour period, but 
at no time should be less than 3 mg/L. 
For coarse fish 5 mg/L is recom- 
mended, but for 8 hours out of a 24 
hour period may go down to 2 mg/L. 

As the dissolved oxygen content is 
reduced the more active aquatic forms 
are likewise reduced. When the oxy- 
gen content declines to a few tenths, 
those forms requiring dissolved oxy- 
gen for their life processes are sud- 
denly terminated. At these low levels 
of oxygen content, the anerobic forms 
predominate, that is, organisms which 
can respirate in the absence of oxygen. 

In relation to a stream’s capacity 
to purify itself, an oxygen demand 
is made upon the stream’s oxygen 
supply by organic waste materials. 
Should the oxygen level be maintained 
within the bounds of aerobic decom- 
position the stream will purify itself 
without any asthetic disturbances. 
However, should the oxygen supply be 
entirely utilized, anerobic decomposi- 
tion will occur and the stream will 
become putrescent with subsequent 
production of offensive odors and un- 
sightly scum. 

A stream is a complex community of 
interdependent aquatic organisms. Ad- 
verse effects, therefore, on any one 
segment of the population will in turn 
be reflected in the life patterns of the 
entire community. The balanced 
aquatic communities are composed of 
species which are best fitted to the 
local environmental conditions. Each 
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FIG. 2. RELATION Between Temperature and Deoxygenation. 


of these species vary greatly as to tem- 
perature tolerance. For example, the 
algae group diatoms grow best at 15- 
25° C; green algae at 25-30° C, and 
Blue-green algae at 30-40° C*. How- 
ever, unfavorable temperatures as op- 
posed to lethal temperatures may 
cause a species to virtually disappear 
due to the fierce competition existing 
among the stream’s population. This 
in turn, is an upset in the rate of food 
production for higher species. 

Increased temperatures are not lim- 
ited to only those effects already cited. 
Excessive growth of sewage fungi and 
of water weeds"! may be the result 
of increased temperatures. High tem- 
peratures may induce spawning at un- 
natural times and should the tem- 
perature then drop, these organisms 
will be unprotected. The changes 
which would be associated with con- 
tinued maintenance of high tempera- 
tures on the aquatic organisms are not 
at present established but presumed 
to be undesirable®. 
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Temperatures and Oxygen Balance 


The effects of temperature change 
on the oxygen balance of a stream 
are manifold. An attempt to combine 
these effects into one parameter would 
be folly. To fully understand the func- 
tion which temperature plays, a sim- 
ple river situation is used. The pur- 
pose is to illustrate through quantita- 
tive measures, the temperature effect 
on deoxygenation, upstream residual 
dissolved oxygen, and reaeration. The 
abnormalities of self-purification such 
as benthal oxygen demand from 
sludge deposits and biological adsorp- 
tion are not discussed. The following 
analysis is based on the same tempera- 
ture existing throughout the entire 
stretch of river. In the case of ther- 
mal effluents, the assumption of a con- 
stant temperature is not true (to be 
discussed later). The purpose of these 
computations is to show how a 
stream’s self-purification characteris- 
tics react under different temperature 
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conditions. 

As stream temperatures increase, 
the rate at which the organic waste 
matter will be oxidized is increased 
proportionately. As expressed by 
Streeter and Phelps'*, “. . . the rate 
of the biochemical oxidation of organic 
matter is proportional to the remain- 
ing concentration of unoxidized sub- 
stance measured in terms of oxidiza- 
bility.” Expressed as an equation, 

Le 


— = 10** 
L 
where: 
% ultimate biochemical oxygen demand 
(BOD ult.) 
at BOD at time t 
time (usually days) 
rate of biochemical oxidation 


The value of & is a function of tem- 
perature. This relation being, 


kr = k» 6” 
= 1.047 
= temperature in °C 


6 
T 


In the analysis of a particular river 
problem the value of k must be deter- 
mined in the laboratory. The “nor- 
mal” value of k, equal to 0.1 (time 
in days), has been used in the follow- 
ing computations. 

Figure 2 illustrates the relationship 
between temperature and the deoxy- 
genation profile. This results from an 
assumed effluent at the waste outlet 
of 100,000 Population Equivalents [1 
Population Equivalent (P.E.) is tak- 
en a 0.24 16 BOD ult]. Referring 
to Figure 2, it is seen that as tempera- 
ture increases there is less BOD re- 
maining or, conversely, that more 
BOD has been satisfied at each sta- 
tion. For example, at Mile Point 
24.0 there remains of the total 100,000 
P.E. discharged to the stream, 40,000 
P.E. at 20° C, 24,000 P.E. at 30° C. 
and 13,500 P.E. at 40° C. It is seen, 
therefore, that as temperature in- 
creases more of the BOD is satisfied 
thereby creating a greater uptake of 
the available oxygen resources of the 
stream in a shorter reach of river. 

The above discussed one of the fac- 
tors which take oxygen from a stream. 
What are those factors which supply 
oxygen? They are: 1) the residual 
oxygen content existing above the _ 
waste outlet, and 2) the oxygen avail- 
able through reaeration. 

Reaeration is affected by tempera- 
ture in two distinct ways. Reaeration 
is a function of the oxygen deficit in 
the stream. The greater the difference 
between the saturation value and that 
actually present (the deficit) the 
greater the reaeration. Therefore, 
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since at higher temperatures more 
oxygen is demanded through deoxy- 
genation in a short period, reaeration 
is increased proportionately. 
Phelps’ fundamental law of reaera- 
tion’® is expressed as: 
Di=D, X B11 (e*¥ +e + e+...) 
9 25 


where: 
D, = initial dissolved oxygen saturation 
deficit . 
De = dissolved oxygen deficit after time t 
at 


4L* 
L = depth 
a = diffusion coefficient 

Professor Velz'* has shown the dif- 
fusion coefficient to vary with tem- 
perature in accordance with the rela- 
tion: 

Aro = Ameo 1.1°°° OO 

Using the refined techniques devel- 
oped by Professor Velz* for comput- 
ing the self-purification characteristics 
of a stream, Figure 3 has been com- 
uted to quantitatively show the reaera- 
tion which is to be expected in the 
hypothetical river. The assumed con- 
ditions are: 1) a once in five year 
consecutive seven-day flow with a 
residual dissolved oxygen of 85 per 
cent of saturation, 2) a mean depth 
equal to 8 ft, 3) a mix internal of 
24.5 min. The reaeration curve de- 
veloped for 40° C increases more rap- 
idly than for lower temperatures. To 
illustrate, at mile point 24.0, the total 
cumulative asset from reaeration for 
40° C is 61,000 P-E., for 30° C it is 
41,000 P.S., and for 20° C it is 24,000 
P.E. As pointed out previously, this 
is to be expected due to increased oxy- 
gen deficit and increased diffusion 
coefficient. 

The full impact of temperature on 
the oxygen balance of a stream is 
realized by fusing deoxvgenation and 
reaeration as shown in Figure 4. The 
abscissa of Figure 4 is expressed in 
mg/L of dissolved oxygen rendering 
it more applicable for practical inter- 
pretation. It is evident that at lower 
temperatures the dissolved oxygen 
available from upstream is increased. 
The dissolved oxygen saturation val- 
ues at 20, 30, and 40° C are 9.17, 
7.63, and 6.6 mg/L resnectivelv. 

Having assumed a dissolved oxy- 
gen residual of 85 per cent of satura- 
tion, these values for 20, 30, and 40° 
C become 7.80, 6.48, and 5.61 me/L 
respectively. The oxvgen profile at 
higher temperatures, therefore, is in- 
herently lower at the waste outlet. At 
higher temperatures and under the 
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same organic waste load the oxygen 
level dips more rapidly and deeper 
than at lower temperatures. For ex- 
ample, the critical low dissolved oxy- 
gen for 40° C is 1.2 mg/L, for 30° C 
is 2.5 mg/L, and for 20° C is 3.65 
mg/L. The effect of pollution is felt 
in a shorter reach of river at higher 


temperatures while at the lower tem- 
peratures the effect is felt for a much 
longer stretch of river. While lower 
temperatures cause the oxygen level to 
remain depressed for a longer period 
the oxygen profile does not dip to 
the devastatingly lower values of the 
higher temperatures. 
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Having computed the critical low 
dissolved oxygen content for at least 
three temperature conditions, it is then 
possible to prepare a “control” chart 
for determining the maximum tem- 
perature which will produce the mini- 
mum allowable dissu'ved oxygen con- 
tent. Figure 5 has been drawn to 
illustrate this relation. Assuming that 
the stream had been classified to allow 
a mmimum dissolved oxygen content 
of 2.0 mg/L, it is evident that under 
the assumed pollution load and runoff, 
the maximum allowable temperature 
would be 31.5° C. 


Again it should be emphasized that 
these computations represent the 
oxygen balance under uniform tem- 
peratures from the waste outlet to 
the mouth of the river. However, if 
these formulations are to be ap- 
plied to a stream which receives a 
heated discharge, uniform tempera- 
tures throughout the length of river 
will not exist. A thermal load raises 
the temperature of the water at the 
outlet. As the water progresses down- 
stream the temperature declines loga- 
rithmically. A rough formulation used 
for determining the temperature at 
any point downstream from an outlet, 
reported by LeBosquet ™, is: 


== excess temperature in °F. (of water 
over air) at distance D 
initial excess temperature in °F 
average width of stream in feet 
distance in miles 
flow in cu ft per second 


= heat exchange coefficient in BTU 
per Ft® per °F excess temperature 
per hour. 


The heat exchange coefficient K 
may be expected to range from 3-16 
Btu/ft?/°F/hr depending on stream 
conditions. A deep sluggish river will 
have a lower heat exchange coefficient 
than a turbulent shallow stream. For 
example, on a section of the River Lea 
in England'*, parts of which are 
canalized and used for navigation, an 
average value of the heat exchange 
coefficient was found to be 2.25 cm/hr 
(K = 4.6 Btu/ft?/°F /hr). 

Thus, it is possible to more reason- 
ably define the expected dissolved 
oxygen profiles by accounting for the 
decline in stream temperature as the 
water flows downstream. It should be 
noted, that the available stream flow 
materially affects the temperature 
rise at the waste outlet. For example, 
at a thermal loading of 3 billion Btu/ 
hr and for the low flows of the river 





Table | 
Expected Temperature Rise At 
Waste Outlet For A Thermal 
Load Of 3 Billion BTU/hr. 


Consecutive 7-day Venguetene Rise 
Drought Flow at Waste Outlet 





Return 
Frequency 
Most Probable 660 
Once in 5 Years 500 
Once in 10 Years 420 
Once in 20 Years 350 





11.2 
14.8 
17.7 
21.3 





as shown in Table 1, the expected 
temperature rise in the stream at the 
waste outfall has been computed. 


Having developed the temperature 
profile of a stream, it follows that a 
“control” chart similar to Figure 5 
can be developed for various thermal 
loadings discharged to he river. After 
defining the relationship between ther- 
mal loading and critical low dissolved 
oxygen content for a specified design 
low flow, the extent to which the waste 
water should be cooled prior to dis- 
charge can easily be determined. This 
cooling, accomplished through the use 
of cooling ponds, spray ponds or cool- 
ing towers should, of course, enable 
the stream to provide the recom- 
mended oxygen levels as previously 
set forth. 


Summary 

Stream pollution through the dis- 
charge of heated waste effluents is 
rapidly becoming a critical national 
problem. The U. S. power produc- 
tion estimates indicate that the ther- 
mal discharges of the future will be 
many times the present level. 

The effects of temperature on 
aquatic life are felt in many ways. 
A sudden rise in temperature, a pro- 
longed sublethal temperature and a 
short period of lethal temperature reap 
disastrous results on a stream’s aquat- 
ic life. Coupled with the direct effects 
of temperature are: 1) the synergistic 
action in the presence of toxic chemi- 
cals, and 2) the need for higher con- 
centrations of oxygen to satisfy in- 
creased metabolic rates. 

Thermal discharges are usually 
combined with, or in close proximity 
to, other waste effluents. The result 
is a more rapid exhaustion of the 
available oxygen resource of a stream 
at higher temperatures. It is possible 
to predict the effects of various ther- 
mal discharges on the oxygen profile 
by accounting for the logarithmic de- 
cline in temperature as the water 
progresses downstream. The relation 
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between thermal load and critical dis- 
solved oxygen content can be devel- 
oped to ascertain the extent to which 
thermal effluents should be cooled 
prior to being discharged to a stream. 
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TELEVISION for SEWER INSPECTION* 


by ARTHUR D. CASTER 


Principal Sewage Disposal Engineer, Cincinnati, Ohio 


INCE the beginning of time man 

in his many day-to-day activities 
has accepted the fact that his sense 
of seeing is limited by two basic con- 
siderations. First, there must be a 
source of visible light to illuminate 
the object or scene which he desires to 
observe, and, of equal importance, a 
direct line-of-sight path must exist 
between the scene or object and the 
eyes of the observer. The first of these 
restrictions has become negligible 
since the advent of practical and effi- 
cient sources of artificial light. The 
second, which may be thought of as 
the problem of bending light around 
obstructions in its normal path, has 
been dealt with by such optical de- 
vices as periscopes and mirror sys- 
tems, all of which have been inef- 
fectual except for short distances and 
limited fields of view. 

Then came television, and in a few 
short years the centuries old problem 
of “seeing where you can’t look” has 
been solved. It is an interesting fact 
that, at first, the solution did not ap- 
pear to be a practical one for indus- 
trial purposes because of the high cost 
and complexity of the equipment in- 
volved. However, the initial obstacle 
was resolved by the development of 
simplified tubes and circuits, with the 
result that, almost overnight, industry, 
education, and commerce have been 
presented with a new tool having hun- 
dreds of possibilities for performing 
tasks previously thought impossible, 
or in accomplishing existing work 
more economically. 

The executive or engineer not fa- 
miliar with television, but desiring 
information regarding the possibilities 


* Presented at the 32nd Annual Meeting, 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf., Toledo, Ohio. Reprinted from 
Jour. FSIWA, Vol. 31, No. 7, by permis- 


sion, 
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of applying television to his own plant, 
school, or office, soon discovers that 
the data needed to plan a practical 
working system can only be found by 
diligently searching through trade pe- 
riodicals, engineering reports, and the 
sales literature of the manufacturers 
of industrial television equipment, co- 
axial cables, lighting equipment, and 
various accessories usually needed to 
complete a practical working system. 
The basic principles of industrial tele- 
vision equipment are essentially those 
of television broadcasting, except that 
the broadcasting television transmitter 
is replaced by a direct metallic con- 
nection with the receiver. Thus, the 
term, “‘Closed-circuit television,” fre- 
quently is used to describe such sys- 
tems. Another very important differ- 
ence between the two systems is the 
much greater simplicity of the indus- 
trial television camera and its acces- 
sories. In fact, it is the simplicity and 
convenience which are the major fac- 
tors responsible for its many present 
and potential applications in industry, 
education, and commerce. Standard- 
ization facilitates the initial installa- 
tion of a basic system, permitting easy 
expansons as the necessity occurs. In 
most situations, nothing need be dis- 
carded or replaced. It should also be 
noted that specially trained operators 
are not required for the normal opera- 
tion of closed-circuit television equip- 
ment. When the equipment is per- 
manently mounted for continuous ob- 
servation of the same process or area, 
operating adjustments are seldom 
necessary; if required, they can be 
made easily either at the camera loca- 
tion itself or from a distant “remote 
control” point. Even changes in light 
intensity on the work scene are auto- 
matically compensated for by some 
equipment. 


Cincinnati's Use of TV 

In Cincinnati closed-circuit tele- 
vision is used for the following pur- 
poses. 

1. Inspection of regulators, inter- 
ceptors, and manholes in the sewage 
collection system. Depths vary from 
20 to 75 ft. 

2. Inspection of chambers. All 
chambers are constructed without 
manhole steps. Access to these cham- 
bers is by rope ladder. With the use 
of the television unit, inspection can 
be made from ground level. Since 
grease fittings are extended from the 
regulators and valves to the ground 
level all routine service can be done 
without entering the chamber. When 
inspection reveals that repairs are 
necessary a report is made and a 
maintenance crew takes over. 

3. Tunnel inspections during con- 
struction. 

4. Inspection of appurtenances un- 
der water by lowering camera and 
light into the water. Inspection of 
outlets for interceptor sewers to the 
river may thus be inspected and 
studied. 

5. Inspection of equipment in con- 
fined places. This application is es- 
pecially valuable for training and pub- 
lic relations work. Understanding the 
operation of confined units, such as 
rabble arms in incinerators, the crank 
shaft of a diesel engine, etc., can be 
greatly enhanced by observing the ac- 
tual operation. 

6. Inspection of material being 
tested in the laboratory. Here the unit 
can be placed in extremely high or 
low temperature, or where special 
gases such as ammonia or chlorine are 
being used. 

In addition, photographs can be 
taken of the monitor screen to make 
permanent records. 





COMPLETREATOR 


NEW FROM DORR-OLIVER 


During the past four years .. . 7 new 


ITTING CLARIFIER/CLARIGESTER 


developments from Dorr-Oliver to revitalize 

the solution of municipal and industrial sanitation 
problems. In scope, these new processes range 
from preassembled small sewage treatment plants 
to new aeration methods. These seven new 
developments are the outgrowth of Dorr-Oliver’s 
continuing sanitary research program . . . and 
still newer developments to keep pace 

with modern trends are coming. 


DEVELOPMENTS FOR MUNICIPAL 
AND INDUSTRIAL SANITATION 
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COMPLETREATOR SYSTEM 





—_ 


























me | 
; 











... incorporating the Superate Fil- 
ter . . . for complete treatment of 
domestic sewage and intermediate 
treatment of industrial wastes. The 
system is based upon the same 
theory which underlies the acti- 
vated sludge process and is capable 
... complete sewage treatment ina single © of producing the same degree of 
tank for a population equivalent of 150 per- 55 gi purification with B.0.D. removals 
sons. The CompleTreator consists of aDorr © exceeding 90%. An ideal System 
DuoClarigester surrounded by two stagesof © for expansion of existing facilities, 
high rate trickling filters and two recircula- it will produce an excellent settling 
tion pumps, all shipped assembled in a sin- sludge, regardless of whether the 
gle steel tank. Average daily capacity is plant is overloaded or operating un- 
15,000 gallons and 90% BOD and sus- der normal conditions. The System 
pended solids removals can be realized. therefore eliminates bulking of 
The CompleTreator is ideally suited for sludge and resulting increase of 
housing developments, motels, restaurants, solids in the plant effluent. 
service stations, schools, military installa 92) % ; 

tions and domestic type wastes from indus- ~ 7) mm Bulletin No. 7314. 

trial activities. SUPERATE FILTER 
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PRIMARY SPIROVORTEX TANK 
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SECONDARY CLARIFIER 
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LIQUID OUTLET 
VORTEX FINDER 


GRIT DISCHARGE 


THE DORRCLONE 
CLASSIFIER 


.. . for degritting sewage ... a 
new method for removing and 
washing grit from raw sewage and 
settled sludge. The DorrClone is 
a compact cylindro-conical classi- 
fication unit utilizing centrifical 
force in place of gravity. Full scale 
installations have proven this unit 
is applicable to the degritting of 
raw Sewage prior to primary sedi- 
mentation; the degritting of pri- 
mary clarifier underflow prior to 
Densludge Thickening; and the 
washing of Detritor Collecting 
Tank discharge. In each of the 
above applications, the DorrClone 
will make a separation at about 
150 mesh or 104 microns on sand. 
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THE DORR-OLIVER 
DEGRITTING 
CLARIFIER AND 
CLARIGESTER 


ame oo 
eee Cbs 4 ORE Bt 
© Ll ee © RE DP 


. . . @ New combination unit pro- 
viding positive mechanical grit re- 
moval with conventional clarifica- 
tion in a single tank. Applicable 
for maximum flows of 0.45 to 1.75 
MGD, this new design incorpo- 
rates an annular well around the 
Clarifier feed well. Adaptable to 
both Dorr Type ‘A’ Clarifiers and 
Dorr Clarigesters, 20’ to 40’ in 
dia., this new design will remove 
troublesome grit from the raw 
sewage without the need for 
costly and separate grit handling 
facilities. 
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GAS TAKE-OFF 
RAW SLUDGE 


DENSLUOGE OENSLUDGE 
THICKENER DIGESTER 


DIGESTED 
SLUOGE 

TO STORAGE 
if NECESSARY 


THICKENED SLUDGE 


THE DORRCO 


DENSLUDGE DIGESTION 
SYSTEM 
... for modern sewage digestion at 


20-30% of conventional capacity re- 
quirements. The new Dorrco Den- 


sludge Digestion System, already | 


proven in full-scale treatment plants, 
is a new method of digesting sewage 
sludge that makes possible a reduc- 


eet te eT 


tion of up to 80% in digester ca- 7 


pacity requirements compared with 
conventional systems. The basic 
operation of the Densludge Digestion 


System involves concentrating sludge | 
ahead of digestion in a specially de- 9 
signed rugged Thickener, then digest- | 


ing sludge in a Digester equipped 
with high-capacity draft tube mixers. 
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THE DORR 
RSR CLARIFIER 


...@ New final unit designed especially for continu- 
ous rapid sludge removal. This unit features a three 
product separation of sewage. These key steps are: 
Rapid removal of fresh sludge from the compression 
zone just a few inches above the floor of the tank; 
positive removal of the fine silt or other inorganic 
compounds to a center sump; and normal effluent 
flow over the outside weir. The Dorr RSR Clarifier 
is designed to carry out these key steps while at 
the same time incorporating certain distinguishing 
features not available in any other final clarification 
methods currently employed. First, the sludge being 
removed from the floor of the tank can be readily 
observed, with simple controls used to control the 
rate. And second, grit and other non-organic solids 
are continuously raked inward along the floor of the 
tank to a separate discharge sump. 
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DORR-OLIVER INCORPORATED.. 


Baltimore 18, Maryland 
Atlanta, Georgia 
Chicago 54, Iilinc 

St. Paul 4, Minnesota 
Cleveland 7, Ohio 
Virginia, Minnesota 
Kansas City, Missour 
Denver, Colorado 
Dallas 25, Texas 

Los Angeles 17, California 
Oakland 1, California 


Seattle Qa Wast netor 


. . 204% Chestnut Avenue 
. 4117 Broadway 
. P.O. Box 149 (Englewood 


THE DORR-OLIVER 
AERATOR 


...@ high capacity, motor driven 
mixing unit designed to increase 
both the effectiveness and rate 
of oxygen absorption over pres- 
ently employed methods. The 
higher effective oxygen utilization 
—up to 50% compared with 5 to 
6% in conventional systems — en- 
ables the D-0 Aerator to meet the 
increased demands of the more 
concentrated activated sludges in 
today’s biological sewage proc- 
esses. Proven in both theory and 
practice by extensive pilot and 
operating plant work, the D-0 
Aerator has firmly established it- 
self as acommercially feasible unit. 
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Television Equipment 
Trailer 

The television equipment is housed 
in a _ one-ton, two-wheel cargo 
trailer. Two combinations of run- 
ning lights and caution lights are in- 
stalled. These are powered by the 
towing vehicle. The wheels are 
equipped with brakes which are op- 
erated by a hand lever located on the 
right side of the trailer near the rear 
of the body. These brakes are used 
for parking purposes only. Special 
ratchet-type supports are installed at 
each corner of the trailer bed for use 
in leveling and securing the trailer bed 
in a firm position. The ratchets are 
operated by individual hand cranks. 
An aluminum frame projects above 
the trailer sides upon which a spe- 
cially made canvas duck cover is at- 
tached. This cover opens at both ends 
with zippers. On this aluminum frame 
a 300 w, 110 v spotlight is mounted 
for lighting the working area of the 
trailer bed. 


Power Source 

Installed in the front end of the 
trailer’ is a gasoline-driven power 
plant,* with 2,000 w a-c capacity. It 
maintains 115 v, 60 cycle, single phase, 
with a full load capacity 17.4 a at 
3,600 rpm. 


Television System 

The television pickup system? con- 
sists of two units, the camera head and 
the camera control unit. 

The camera is 9 in. long, 3% in. 


* Fairbanks - Morse Model 20PX—36., 
Series A-342. 

+ The entire unit was designed and man- 
ufactured by the Diamond Power Specialty 
Corp., Lancaster, Ohio, from basic designs 
of the author and his associates. 


wide, and 3% in. high. It weighs 3% 
Ib. 

The control unit is 13% in. long, 
19 in. wide, and 54 in. high. It 
weighs 30 lb. Housing for camera is 
made of bronze tubing 8 in. in diam- 
eter by 1814 in. long. The entire case 
is chrome plated. The front end of 
the unit has a plexiglass window which 
is rubber sealed and moisture proof. 
The rear end of the unit has a remov- 
able plate with handle, and is moisture 
protected by two “O” rings. A water- 
tight fitting is installed in the top of 
the case through which the coaxial 
cable of 24 leads passes. A support 
frame is brazed on top of the case for 
support, and control of direction. See 
Figure 5. The cable from the camera 
to the control unit is 125 ft. ong. 


The picture monitor is a high qual- 
ity unit especially designed for indus- 
trial television systems. It is designed 
to produce a clear, bright, high de- 
finition picture under conditions of 
average indoor illumination. On the 
front panel are an off-and-on switch 
and controls for contrast, brightness, 
vertical linearity, height, and vertical 
and horizontal hold. Secondary con- 
trols are horizontal frequency, hori- 
zontal linearity, width, horizontal 
drive, and focus. The control unit and 
monitor are installed in a frame which 
is installed on rubber shock mounts. 


The units, camerd, control, and 
monitor are all grounded back to the 
power generator. In addition arrange- 
ments have been made so that ex- 
ternal power can be used on the 
trailer instead of the power genera- 
tor. Two 150-w floor lamps are at- 
tached to the pole supports for illum- 
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ination purposes. The power to these 
lamps is supplied through the coaxial 
cable. 

A specially designed handling 
mechanism is used to control the cam- 
era. This unit consists of a portable 
frame, which runs on tracks and can 
be pulled back over the tail gate of the 
trailer. This mechanism consists of a 
turntable, a motor-driven cable winch, 
and portable aluminum pole sections, 
which control the direction of the 
camera. By operation of a control 
switch the comera can be raised or 
lowered. By rotation of the turntable 
the czmera can be rotated 360 de- 
grees. A limit switch is installed to 
prevent running out of the pole sup- 
port. The connecting cables allow 
working approximately 1,000 ft away 
from the monitor. A portable unit for 
use in areas where the trailer cannot 
be taken has been built by the sewage 
disposal section. 

The cost of the component parts is 
given below: 

Item 
Surp!us Army cargo trailer $ 
Camera, complete with mounting 
and monitor 
Raisi1g and lowering mechanism, 
trailer-mounted a 3,500.00 
Total $7,223.50 


It is estimated that the labor saved 
in two years will equal the investment 
cost. The safety advantages inherent 
in a ground-level inspection program 
cannot be measured. 


Cost 


50.00 
3,673.50 
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OPELIKA QUALITY GRAY Iron Castings 


Meter Covers 
For Tile and 
Concrete Pipe 


Cast Iron 
Manhole Rings 
and Covers 


Cast Iron 
Meter Boxes 


Shown at left is our 
5," two piece 
screw type adjust- 
able valve box with 


square covers. 


This illustrates our 
41/7," shaft open 
base Roadway Box. 


The same box with 
Flange Base can also 
be furnished. 


Shown at left is our 51/4," shaft 
three piece valve box. Middle sec- 
tions are interchangeable with all 


size bases. 


"OPELIKA" 

CAST IRON SERVICE, 
VALVE and ROADWAY 
BOXES 
Are The Best That Money Can Buy 


Your Inquiries Solicited 


This illustrates our 
21/,." shaft new 
style Buffalo 
Service Box. 


This same size 
box can be fur- 
nished with Old 
Style Covers or 
Square Head 


Covers. 


Shown Below is our 
5," shaft two 
piece Valve Box. 


We can also furnish 
5I/," boxes, slip 
Type. 


<i FOUNDRY CO. 


serrerre (4 ALABAMA 
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THE WHY, WHEN, and HOW of SEWER 
MAINTENANCE* 


by JOHN D. PARKHURST 


R-241 


Assistant Chief Engineer, Los Angeles County Sanitation Districts, Los Angeles, Calif. 


ANY times large sums of money 

are spent to design and con- 
struct sewers with only relatively few 
dollars set aside for maintenance. 
Lately, there have been signs indi- 
cating this poor division of funds is 
being corrected. 

Sewer maintenance has progressed 
greatly in recent years, particularly in 
Southern California. More and more 
cities are becoming convinced that 
carefully conceived, intelligently ad- 
ministered, and sensibly conducted 
sewer maintenance is just good busi- 
ness and not an unnecessary use of 
public funds. Much of the leadership 
and guidance for this increased inter- 
est in sewer maintenance in California 
has come from the sewer maintenance 
sections of the California Sewage and 
Industrial Wastes Association. 


Why 

A modern comprehensive sewer 
maintenance program today has three 
basic objectives : 

1. It must guarantee as nearly as 
possible uninterrupted sewer service 
to the public. 

2. It must protect the public health 
and welfare. 

3. It must work toward extending 
the useful life of sewerage structures 
and thus protect the public invest- 
ment, 

Experience has shown that each one 
of these objectives can be gained at 
reduced cost through a program of 
preventive maintenance. 


When 
Maintenance planning actually he- 
gins at the same time the preliminary 


* Presented at the 3lst Annual Meeting, 
California Sewage and Industrial Wastes 
Assn., Long Beach, Calif., Apr. 29-May 2, 
1959. Reprinted from Jour. FSIWA, Vol. 
31, No. 12, by permission. 


engineering begins. Here suitable 
slopes are stipulated to ensure cleans- 
ing velocities. Manholes with properly 
designed surface openings are strate- 
gically located. Drops and obstruc- 
tions, which may cause turbulence, 
should be avoided. Special structures 
such as diversion, metering, and junc- 
tion manholes must be wisely de- 
signed to prevent partial stoppages 
caused by accumulations of rags, 
grease, and other debris. Where it is 
necessary to use an inverted siphon, 
it is always good practice to con- 
struct a double-barrel siphon so that 
the one barrel can be cleaned while the 
other carries the flow. Materials speci- 
fied for use in construction must be 
durable, be sufficiently strong to carry 
superimposed loads, and resist corro- 
sion. 

Preventive maintenance in the field 
consists of inspection and the routine 
cleaning of small deposits, partial stop- 
pages, and grease accumulating so 
that the flow in the sewers is uninter- 
rupted and overflows are reduced to 
a minimum. Presentive maintenance 
also includes the careful control of all 
wastes discharged to the system to 
prevent premature destriction of the 
structures. 


How 

The “how” of sewer maintenance 
springs from a combination of efforts 
of technical personnel and the in- 
genuity of the sewer maintenance man. 
Fortunately, again in a large part due 
to the efforts of the sewer maintenance 
sections of CSIWA, valuable infor- 
mation, representing many years of 
experience, is available. This infor- 
mation is disseminated at regular 
meetings of the organization, some- 
times by actual demonstration of 
methods and equipment. 


Inspection 

The primary aim of any good main- 
tenance program is to prevent trouble. 

First, an inspection program is 
necessary. The inspection is usually 
made by physical observation of the 
structures and pipe. However, the 
technique of inspection is constantly 
being improved. Special photographic 
equipment is now available and in 
use. The city of Cincinnati has re- 
ported on a closed-circuit television 
unit which has been used advantage- 
ously for inspections of deep sewers 
and manholes. These inspections, re- 
gardless of the method, are for the 
purpose of locating potential trouble. 
Testing 

In addition to an inspection pro- 
gram, it is also highly desirable to 
have a sewage-testing program. The 
samples should be collected with care 
so as to intercept and report on the 
condition of sewage at key locations. 
All industrial wastes should be 
checked prior to discharge to the sys- 
tem. 

Routine tests made on sewage 
should include the determination of 
temperature, pH, and sulfide concen- 
tration. Additional tests for BOD, 
oil, radioactivity, and special chemi- 
cals may also be indicated under spe- 
cial circumstances. Tests for the pres- 
ence of explosive mixtures in man- 
holes may uncover gas leads, broken 
gasoline lines, and accidental dis- 
charges of flammable material. Prompt 
action by emergency crews can avert 
potential disaster. 

Cleaning 

Routine cleaning of most sewers 
should be placed on an annual basis. 
Some portions of the system with par- 
ticularly undesirable conditions may 
have to be cleaned at intervals of from 
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SCHRAMM PNEUMATRACTOR—SELF-PROPELLED 


Does ail kinds of 


maintenance jobs 


—faster, easier! 


Here’s the newest, most modern air 
compressor you can find—the 
Schramm Pneumatractor. Saves you 
time and manpower because one man 
can drive it anywhere in a water or 
sewage plant to do any type of mainte- 
nance job that’s done with ordinary 
portable compressors. An air com- 
pressor with tractor features, it’s the 
“handy man” of compressors—self- 
propelled, handles isolated jobs in “‘jig”’ 
time. It’s an all-purpose machine, yet 
costs less than any competitive 125 cfm 
compressor alone. Send for full details 
today. 
See the Yellow Pages for local sales, service 
and rental of Schramm Air Compressors. 


Schramm, hue 


MANUFACTURERS OF AIR COMPRESSORS 
736 North Garfield Ave. * West Chester, Pa. 


W.&S.W.—REFERENCE NUMBER—1960 


The Standard Pneumatractor handles any job that is now done with 
ordinary portable compressors—such as removing viscous sludge from a city 
disposal pre-aeration tank as shown here. But, consider the money saved 
when you drive a compressor instead of push it. It takes an average of 
15 minutes and $2 worth of manpower to push a compressor ten feet; less 
than five minutes and 16c to drive a Pneumatractor. 


How many men does it take to move your compressor? 
One man drives the Pneumatractor from job to job— 
and operates it, too 


Stationary Compressors—elec:ric motor or V-belt 
drive. Vibrationless operation—no foundation needed. 
From 50 to 600 cfm 





AIR COMPRESSOR: 


Heavy Pneumatractor—125 cfm self-propelled com- 
pressor with heavy tractor features—including loader, 
back-hoe, grader, sweeper, snow plow. 


Portable Compressors—Models from 20 to 600 cim— 
choice of gasoline or diesel engine in most models. 
Also a complete line of air tools available. 





three to six months. The length of 
interval should be determined by in- 
spection and tests. Inverted siphons 
are notorious for collections of grease. 
sand, and rags, and in many instances 
must be cleaned at three-month inter- 
vals, perhaps even more often. Un- 
doubtedly, much of the difficulty with 
siphons has been caused by the large 
increase in the use of home garbage 
grinders and the universal use of syn- 
thetic detergents. In fact, the amount 
of grease in the sewage has increased 
to the point where the Los Angeles 
County Sanitation Districts have 
found it quite profitable to sell the 
skimmings from the sedimentation 
tanks at the Joint Disposal Plant in 
Harbor City. 

Costs for cleaning gravity sewers 8 
to 15 in. in diameter vary from about 
$125 to $200 per mile. One four-man 
crew properly equipped can clean 
nearly a mile of sewer per day when 
cleaning is placed on an annual basis. 
The initial cleaning will probably take 
somewhat longer. The sewer ball or 
familiar sewer hoe controlled by a 
rope has been found to be about the 
best and most economical for routine 
cleaning. Flexible steel rods, bucket 
and cable machines, and special cable 
and scraper devices also are very use- 


ful for special purposes. 


Sulfide Control 

In Southern California the control 
of sulfide in the sewer system is one 
of the most important functions of 
sewer maintenance. Hydrogen sulfide 
is toxic to man in very small concen- 
trations, and it is very destructive to 
concrete structures when oxidized to 
sulfuric acid. Sulfides also are the 
cause of most of the odor troubles at- 
tributed to the system. 

Sulfide generation in sewers is 
caused primarily by two types of bac- 
terial action. It can be generated as 
an end product of the anaerobic di- 
gestion of deposited organic matter 
and it can be produced by the reduc- 
tion of sulfate by sulfate-splitting bac- 
teria which grow in sewer slimes. 
Control of sulfide generation in the 
system simply means controlling bac- 
terial action or the end products of 
such action. Digestion of deposited or- 
ganic material can be stopped by pre- 
venting depositing by maintaining ade- 
quate velocities or, in the case where 
deposition has already occurred, by 
removing deposits by a well-timed 
cleaning. 

To control sulfide generations hy 


the action of sulfate-splitting bacteria, 
several methods may be used. First, 
it may be possible to maintain ade- 
quate velocities and ventilation so that 
reoxygenation will keep the sewage 
in an aerobic state. Where this is not 
feasible, such as in long force mains, 
compressed air may be added to pro- 
vide the additional oxygen. 

Another method which is used suc- 
cessfully is to supply oxygen in the 
form of a chemical such as sodium ni- 
trate. In order for this method to 
be most beneficial, however, it is im- 
portant that the sodium nitrate be 
added prior to commencement of bac- 
terial action on the sulfates. This 
usually means the sodium nitrate must 
be added near the upper extremity of 
the system. 

If sulfides are already present in 
the sewage and it is desired to render 
them harmless, another chemical, zinc 
sulfate, is often added. The zinc com- 
zines with the sulfide to produce the 
insoluble precipitate zinc sulfide, ef- 
fectively eliminating formations of sul- 
furic acid. 

Since both sodium nitrate and zinc 
sulfate come in water-soluble crystal- 
line form, they can be added quite 
simply by using an easily constructed 
dosing tank adjusted to add the de- 
sired amount of solution. 

Other methods of sulfide control in- 
clude the use of chlorine to reduce bac- 
terial action and to oxidize sulfides 
which may be present, and, if desired, 
pH control may be used. This latter 
method normally utilizes cheap lime 
obtained as a byproduct of acetylene 
generation. It is hauled to strategic 
locations by tank truck and discharged 
at designated manhol¢s. The addition 
of lime slurry must be sufficient to 
raise the pH of the sewage-slurry mix- 
ture to 12 or above. If this is main- 
tained for a period of about 45 min, 
bacteria in the slimes on the pipe are 
killed and sulfide generation is elim- 
inated. To be effective, this method 
must be repeated about every other 
week. 

Costs for the various methods of 
sulfide control depend on the circum- 
stances, but chlorine is usually more 
costly than any of the other methods. 
It is more difficult to handle, too. 
Compressed air, sodium nitrate, zinc 
sulfate, and lime slurry have all been 
used successfully in the Los Angeles 
County Sanitary Districts’ system. 

It should be noted that the control 
of sulfides by chemical means is a sup- 
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plementary measure; it is not a sub- 
stitute for cleaning. In fact, the use 
of lime slurry in small sewers with 
low velocities may actually increase 
the need for cleaning because some 
deposition of impurities is likely. 

A very interesting and relatively in- 
expensive method of protecting pipe 
and manhole structures, particularly 
where the system is first placed in op- 
eration and flows are low, has been 
developed by Sanitation District main- 
tenance personnel. This method con- 
sists of lining the inside of pipe and 
structures with a thin coat of dry 
lime 1/16 to 1/8 in. thick. This lime 
is applied through the manholes by 
means of two large-volume, portable 
blowers. One blower is set to dis- 
charge lime into a manhole and the 
other is set to exhaust it from the 
next manhole downstream. 

Dry lime is fed into the discharge 
blower and is carried by the air flow 
along the inside of the pipe. The 
lime is deposited on the inside of the 
pipe and forms a semi-hard coating. 
This coating will last for about three 
months, and during this period it af- 
fords excellent protection. The lime 
tends to absorb moisture and thereby 
neutralizes any acid particles which 
may be formed. The high pH prevents 
any slime growth on the pipe and 
thereby reduces bacterial action. Man- 
holes are clean, dry, and more desir- 
able to work in. Litmus-paper checks 
on the crown of the pipe at manholes 
can be used to follow the gradual drop 
in pH of the lime coating. This in- 
formation is useful in determining the 
frequency of relining operations. 

Liming has been used on trunk sew- 
ers up to 48 in. in diameter. The only 
limitation appears to be in the size of 
the lime blower, for an adequate ve- 
locity must be maintained to carry the 
lime particles. The cost per mile is 
dependent on the size of the pipe. A 
two-man crew with blower equipment 
can lime about one mile of pipe per day 
(8 to 24 in. in diameter) at a cost of 
from $75 to $100. 


Safety 

Any discussion of sewer mainte- 
nance would be incomplete without a 
brief mention of safety. It is a sad 
commentary, but altogether true, that 
much of what is known about safety 
in sewer maintenance has been learned 
the hard way and many times this has 
been through fatal accidents. 

Sewers by their very nature and 
design are dangerous. Constituents of 
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the sewage are obnoxious, and in many 
instances hazardous. Further, venti- 
lation of sewers is often poor. This 
lack of adequate ventilation often re- 
sults in an oxygen deficiency, and a 
buildup to toxic concentrations of 
hydrogen sulfide gas, or both. Some- 
times explosive mixtures are present. 
These may be caused by the unauthor- 
ized discharge of petroleum products 
or leakage from gas lines. They are 
easily detected with a combustible gas 
indicator. Good ventilation is easy to 
provide through the means of port- 
able gasoline blowers. For routine 
sewer cleaning the large-capacity, low- 
velocity, exhaust-type blower is gener- 
ally preferred. This unit is usually in- 
stalled in the manhole downstream 
from the manhole in which men are 


working. " 


As a final safety measure, special 
harness, hand lines, and safety hats 
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should be used by any man working in 
manholes deeper than 6 ft. The line 
should be attended by at least two 
men. Failure to wear the safety har- 
ness many times has resulted in the 
death of the man in the manhole and 
his would-be rescuers. 

Numerous pieces of commercially 
manufactured safety equipment are 
now on the market, and each has a 
specified use. These include special air 
masks, compressors, and remote tanks 
designed to permit a man to work 
temporarily in an oxygen-deficient 
atmosphere. Safety lamps are avail- 
able which can be used as an indica- 
tor of oxygen deficiency. Lead acetate 
paper when lowered into a manhole 
will turn dark if a hydrogen sulfide is 
present in the atmosphere. Battery 
operated combustible gas indicators 
warn against explosive mixtures, and 
the techniques of operating this equip- 


ment are quite simple. 


Conclusions 


Sewers maintenance has progressed 
greatly in the last 25 years, but much 
remains to be learned. Cleaning pro- 
cedures are still dependent on men 
who are willing to risk their lives and 
limbs working under hazardous condi- 
tions in underground structures; to 
those persons charged with responsi- 
bilities in designing, operating and 
maintaining sewerage systems, this 
offers a challenge. 

New techniques must be developed 
for controlling bacterial action and 
the side effects of industrial wastes. 
The design of sewers must be im- 


-proved so that cleaning methods may 


be revised and many of today’s man- 
ual operations replaced by mechani- 
cal methods to eliminate the risk of 
human life. 
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Oxidation of Sewage Odors 


by A. H. ULLRICH and R. J. RUFF 


Supt. Water & Sewage Treatment, City of Austin and President, Catalytic Combustion Corp. 


® To THE casual observer, the de- 
struction of waste gases would ap- 
pear to have no significant relation- 
ship to sewage treatment. Actually, 
it is becoming increasingly evident, 
in the light of today’s technology, 
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that disposal of all waste matter, 
whether in gaseous, liquid, or solid 
state, requires simultaneous consider- 
ations of the related influences to 
both water and air contamination. 

It is generally recognized by sani- 
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tary engineers that a job of correct- 
ing a water pollution problem is not 
completed if, in doing so, an air pol- 
lution problem is generated. Less em- 
phasis has been given to the equal 
inconsistency of correcting an air 
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FIGURE | ELEVATION view of the installation at Austin showing the location of the various elements. 
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FIGURE 2 PLAN VIEW of the Austin oxidation unit. 


pollution problem by simultaneously 
producing water pollution, when it 
may not be necessary. It appears 
logical, therefore, that control of in- 
dustrial air pollution necessitates the 
employment, where possible, of such 
corrective means as will prevent the 
imposition of costly additional loads 
on existing water resources or sew- 
age treatment facilities. The installa- 
tion of catalytic oxidation systems, 
for destruction of gas phase contami- 
nants, developed and refined during 
the past ten years, now give evi- 
dence that some problems in sewage 
treatment systems can be effectively 
controlled. 

The applicability of the catalytic 
combustion process for the destruc- 
tion of sewage odors can best be 
illustrated by describing the appli- 
cation and performance of the first 
unit placed into operation in connec- 


tion with a municipal sewerage sys- 
tem. At the City of Austin, Texas, a 
3-million gallon covered sewage hold- 
ing tank has been provided as a res- 
ervoir for untreated sewage to re- 
ceive excess flow during those hours 
of the day when the total sewage flow 
exceeds both the capacity of an exist- 
ing outfall line and the capacity of the 
treatment plant. Thus, the holding 
tank is partially filled, and completely 
emptied, once every 24 hours. In 
order for the tank to accomplish the 
dual purpose of increasing the effec- 
tive 24-hour average capacity of both 
the outfall line and the treatment 
plant it was necessary to locate the 
installation near a lift station adja- 
cent to a residential neighborhood. 
During retention, the sewage is 
subjected to slow mechanical mixing 
and to aeration in the order of 0.1 
cubic foot per gallon. This serves to 
maintain the solids in suspension, 
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and the sewage in a fresh condition. 
However, during the hot summer 
season the sewage is not always in a 
fresh condition when received with 
the resultant objectionable concentra- 
tions of volatile, odorous constituents 
are released. The volume of gases 
(air and odorous constituents) which 
are liberated from the tank is vari- 
able, depending upon the air-blow- 
ing rate and the rate of sewage flow 
into or out of the tank. With maxi- 
mum aeration capacity, and with both 
transfer pumps operating at maxi- 
mum displacement capacity, the rate 
of gaseous release from the tank is 
equivalent to 1,000 CFM of water 
saturated, odorous air. 

With a residential area adjacent to 
the tank location, treatment of the 
vented air was found necessary to 
avoid neighborhood complaints. The 
corrective measures employed are 
shown schematically in Figure 1. A 
volume of approximately 1400 CFM 
of odorous gases are withdrawn into 
the catalytic combustion system, 
where the odorous constituents are 
consumed. This capacity permits a 
minimum of 400 CFM to be drawn 
into the tank through the fresh air 
opening installed in the tank cover 
at the opposite end. In this manner 
a continuous drift of replacement 
air moves the odorous gases toward 
the vent outlet, continually purges 
the enclosure, and eliminates stag- 
nant areas where flammable mixtures 
might otherwise accumulate. 

A view of the fume combustion 
unit mounted on the roof of the hold- 
ing tank is shown in Figure 2. The 
final oxidized gases are released 
through the short, stub-stack shown. 
The system is remotely operated 
through an automatic control panel 
located in the pump control room 
adjacent to the holding tank. 


Catalysts & Systems 

The precise function of the catalyst 
in the odor destruction process justi- 
fies further explanation. The con- 
taminants released with the air from 
the holding tank are a mixture of 
complex hydrocarbons, mercaptans 
amines, and other organics. Their 
molecular structure contains hydro- 
gen, carbon, and in some cases, sul- 
phur and nitrogen. All of these gases 
can be oxidized to produce end prod- 
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ucts of water vapor, carbon dioxide 
and free nitrogen, which of course, 
are all odorless and innocuous. In 
the oxidation of mercaptans, some 
SOs is also generated, but the sul- 
phur bearing compounds are gen- 
erally present in insufficient quanti- 
ties to produce a detectible presence 
of SOx in the oxidized gases. 

Since the combustible compounds 
are present in the exhaust air in such 
extremely dilute quantities, oxidation 
cannot occur by normal flame com- 
bustion means. However, the catalyst, 
simply by its presence accelerates the 
oxidation reaction, and permits the 
combustible constituents to be con- 
sumed when the odor-laden air is 
heated to temperatures of 500 deg. 
to 600 deg. F. 

The catalyst is similar in appear- 
ance to a metallic air filter mat. It 
consists of a high nickel alloy, 
crimped ribbon material, packed be- 
tween similar high nickel container 
screens, and surrounded by an alloy 
channel frame. Platinum alloy metals 
are electrolytically deposited on the 
nickel alloy “catalyst support” and 
conditioned for catalytic activity. The- 
oretically, the catalyst has infinite life. 
In actual operation it may be neces- 
saty to remove the inorganic dust 
accumulation on an annual or semi- 
annual basis. This involves a simple 
water washing procedure easily ac- 
complished in the field. On the Aus- 
tin installation, after initial adjust- 
ment had been completed, the system 
was run somewhat over 5,000 con- 
tinuous operating hours without 
service or attention to the catalyst. 
Near the conclusion of this run, 
slightly objectionable odors began to 
pass through the system, indicating 
the need for field cleaning of catalyst 
elements. Similar elements have been 
used in a variety of industrial ap- 
plications for periods exceeding 30,- 
000 hours before requiring factory 
service. They are then exchanged for 
newly reactivated elements. 

The manner in which the catalyst 
is employed for fume combustion can 
be seen from Figure 3, showing the 
internal flow arrangemnt of the sys- 
tem at the City of Austin. Odorous 
gases are drawn into the system, 
preheated by the gas burner before 
passage through the exhauster fan, 
and then discharged through the cat- 
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tank at Austin. 


alyst bed before release to stack. 
Fuel consumption is equivalent to 
650,000 BTU per hour for each 
1,000 CFM of 70 deg. F. air enter- 
ing the system. On applications in- 
volving higher volumes, or where gas 
costs are high, a self-recuperative 
heat exchanger may be added to re- 
duce fuel consumption to one-half or 
léss. 

Naturally, heat is released in the 
oxidation of combustible matter, 
whether in flammable range concen- 
tration as used in conventional gas 
burners, or in exceedingly low con- 
centration when combustion must oc- 
cur by catalysis. Therefore, the tem- 
perature rise of the gases in passing 
through the catalyst element gives 
a precise indication of the energy re- 
lease on the catalyst and, conse- 
quently the unit energy concentraton 
of the fume stream entering the cata- 
lyst. At the City of Austin, the nor- 
mal temperature rise through the 
catalyst is 10 deg. to 30 deg. F., and 
rarely exceeds 50 deg. F. Conse- 
quently, the unit energy concentra- 
tion is normally below 1-BTU in 
each cubic foot of 70 deg. F. equiva- 


FIGURE 3 THE COMBUSTION unit as installed on the roof of the holding 


lent gases leaving the holding tank. 
However, it is conceivable that an 
accidental release into the sewer sys- 
tem of highly volatile combustible 
material may enter the holding tank. 
For this reason, a limit protector is 
provided in the operating control 
panel, with thermal element on the 
discharge side of the catalyst. 
Through its use, an alarm signal and 
system fail-safe conditions are auto- 
matically provided should an un- 
expected surge of combustible vapors 
be released from the sewage in the 
holding tank. Thus a monitoring sys- 
tem, which will aid in giving indica- 
tion, and alarm, when concentration 
of combustible vapors exceeds nor- 
mal expected conditions is provided. 


Other Sewage Works Applications 

Although several thousand indus- 
trial applications of this process are 
now in use in a wide variety of ap- 
plications, the Austin installation 
furnishes the primary design infor- 
mation for destruction of odorous 
contaminants in other problems re- 
lated to the sewage system. 
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DESIGN and COST of STABILIZATION PONDS 
in the MIDWEST* 


by D. H. HOWELLS and D. P. DUBOIS 


Chief of Evaluation Unit and Sanitary Engineer, Construction Grants Section, 
Water Supply and Water Pollution Control Program, Public Health Service, 


TABILIZATION ponds are com- 

manding increased attention as a 
means of sewage treatment for many 
small and some medium-size commu- 
nities. The 1957 “Inventory of Muni- 
cipal and Industrial Waste Facilities” 
(1) (2) discloses that there are 430 
municipal sewage stabilization ponds 
in the country today. This represents 
about 10 per cent of all secondary 
sewage treatment facilities. The loca- 
tion of these stabilization ponds by 
major drainage basins is shown in 
Table I. 

Approximately 20 per cent of the 
1,038 projects participating in the 
Public Health Service’s construction 
grant program on June 30, 1955, in- 
clude the construction of sewage sta- 
bilization ponds. This paper reports 
on a study of engineering design, con- 
struction costs, and provisions made 
for operation and maintenance of 31 
raw sewage stabilization ponds select- 
ed at random from seven midwestern 
states with widely varying geographi- 
cal and climatological conditions. Over 
half of all stabilization pond projects 
receiving federal financial assistance 
under the construction grants pro- 
gram are located in these states. The 
locations of the projects studied are 
shown in Table LI. 

The raw sewage stabilization ponds 
described in this paper serve small 
communities of relatively stable popu- 
lation having little or no industrial 
wastes. Fifteen of the projects are be- 
ing built in communities that were 
formerly unsewered. 


Design Basis 

Preliminary studies by consulting 
engineers were usually confined to 
estimates of present and future popu- 
lations. Flow measurements were 


* Reprinted with permission from Jour. — 


FSIWA,. Vol. 31, No. 7. 


Educaticn and Welfare, Washington, D. C. 





Table | 


Sewage Stabilization Ponds in the 
United States 





Major Drainage Basin Pop. Served 





Northeast 
North Atlantic 900 
Southeast 13,300 
Tennessee River 570 
Ohio River 900 
lake Erie cis 
Upper Mississippi 39,975 
Western Great Lakes 320 
Missouri River 125,482 
Southwest-Lower Miss. 121,176 
Colorado River 68,632 
Western Gulf 163,400 
Pacific Northwest 10,535 
California 191646 
Great Basin 22,705 


400 


Total 759,941 





made in a few instances; but, more 
often, assumed per capita flows were 
used. In nearly one-half of the engi- 
neering reports examined no mention 
was made of sewage flow or strength. 

Basic design data for all projects 
included in this study are summarized 
in Table III. 


Number and Types of Cells 

The number of stabilization ponds 
with one, two, three, and four cells is 
shown in Table IV. There are three 
distinct types of two-cell installations. 
The most common type employs one 





Table Ii 
Location of Stabilization Pond 
Projects Studied 





State No. Pop. Served 





lowa 

Kansas 
Minnesota 
Missouri 
Nebraska 
North Dakota 
South Dakota 


600 
3,500 
9,300 

11,000 
1,200 
12,300 
5,300 


Total 43,200 





inlet, an interconnecting pipe, and an 
outlet pipe.. This arrangement per- 
mits series operation only. A second 
type provides an inlet pipe to each 
cell, an interconnecting pipe, and one 
overflow pipe. This arrangement per- 
mits series operation, operation of 
only one cell, and a basically parallel 
operation with sewage flowing to both 
cells simultaneously. A third type em- 
ploys an inlet pipe to each cell, an in- 
terconnecting pipe, and an outlet pipe 
from each cell. With this arrange- 
ment, simple-cell, series, or true paral- 
lel operation can be obtained. 

The number of cells in each sta- 
bilization pond and their arrangement 
were found to be markedly influ- 
enced by state design recommenda- 
tions which vary appreciably. For 
example, North Dakota recommends 
that multiple cells be used for further 
treatment when the effluent dis- 
charges continuously to a_ stream. 
Minnesota specifies that primary and 
secondary ponds must be provided in 
all cases. The Missouri design guide 
does not specify which multiple cells 
are necessary, and all of the eight Mis- 
sourl projects examined in this study 
are single-cell installations. 

Surface Loadings 

Design surface loadings vary con- 
siderably from state to state and from 
project to project within individual 
states. Variatioris in state require- 
ments concerning surface loading are 
illustrated by the following examples. 
Minnesota sets the maximum BOD 
loading of the primary pond at 0.46 
Ib/1,000 sq ft (20 lb/acre) and re- 
quires the secondary pond to be one- 
third the area of the primary unit. 
North Dakota sets the maximum 
BOD loading as either 0.46 Ib/1,000 
sq ft or 100 people/acre, but the total 
area of two cells can be used in com- 
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puting the loading. Missouri has re- 
cently increased the allowable surface 
loadings from 100 to 200 population 
equivalents per acre. Variations within 
individual states are attributed to sev- 
eral factors among which are in- 
creased knowledge of pond design, 
latitude, climatological conditions, and 
the practice of some communities to 
build one cell to handle present loads 
with the intention of adding another 
cell at a later date to take care of 
the total design loads. 
Depth 

All 31 stabilization ponds were de- 
signed for uniform depths varying 
from 3 to 5 ft. It is interesting to note 
that two-thirds of the projects utilize 





Table Ill 
Stabilization Pond Design Data 





item Range Avg Median 


300-13,700 2,080 1,030 
1.75-157 17.7 10.0 





Design pop. equivalent 

Surface area (acres) 

Ratio of total land 
purchased to water 


4. 
3. 
3.1 
pond 
and nearest house (ft) 


400-2,640 1,240 





maximum design depths of an even 3 
or 5 ft rather than depths between 
these two limits. Design data do not 
show any definite relationship between 
depth and surface area, or between 
depth and geographical location. 
Dike and Bottom Construction 
Nearly all of the stabilization pond 
construction specifications call for the 
area under the dikes to be thoroughly 
cleared, stripped of vegetation, and 
scarified. It was deemed necessary to 
require the placement of selected bor- 
row in dikes in about 50 per cent of 
the installations. The borrow will be 
placed as a cutoff wall, dike core, dike 
facing, or will be used to construct the 
entire dike in a few instances. In 
many cases specifications allow con- 
siderable latitude as to the quality of 
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Table IV 
Types of Sewage Stabilization Ponds 





Ne. of Cells No. of Projects 





2 
ae 








the borrow. General phrases such as 
‘materials shall be selected for imper- 
meability” and “material with a high 
plastic content” are frequently used. 

Specifications concerning type and 
degree of compaction for dike material 
vary appreciably. Nearly all specifica- 
tions prescribe a maximum “lift” 
which can be placed before compact- 
ing. This was usually 6 in., but in 
some cases an 8- to 10-in. depth was 
allowed. The simplest method of com- 
paction specified was to route earth- 
moving equipment over the fill area. 
Another commonly used method pre- 
scribed rolling with a sheepsfoot roller 
of specified weight until the feet no 
longer penetrated the ground. The 
standard American Association of 
State Highway Officials density test 
was specified in five cases. 

Special measures were required in 
about one-third of the installations for 
the sealing of pond bottoms, Betonite 
was specified for this purpose in three 
installations. Other measures included 
scarification and recompaction of cut 
areas and blankets of selected borrow. 


Inlet Devices 

Pond designs call for inlet devices 
of either the horizontal or vertical dis- 
charge type. The most common type 
utilizes a horizontal discharge from a 


4000 /- 


g 


Cost per Fy (dollars) 


: 











s A. 4. A. i. J 
3 ‘ 8 2 ‘e ne ch 
Swece Aree (Acros) 


FIGURE 2.—Stabilization pond costs in Missouri 
based on actual excavation quantities and a 
statewide average cost of excavation. 


pipe resting on a concrete “splash 
pad” at the bottom of the pond. Re- 
finements to the basis scheme include 
a block with a divider and an elbow 
and tee arrangement to disperse the 
flow horizontally in two directions. 
Eight installations utilize an upward 
vertical discharge influent line. The 
end of the pipes will be placed from 6 
in. to 1 ft above the bottom of the 
pond. One design calls for a plate to 
be placed above the discharge end of 
the pipe to, increase flow diffusion. 
Four designs of both horibontal and 
vertical discharge types require a 
dished-out area 1 to 2 ft deep at the 
point of discharge. The horizontal 
location of the inlet is, in all cases, 
located near the center of approxi- 
mately square ponds and near the one- 
third point on long rectangular shapes. 
Where secondary ponds are used in 
series with a primary pond, the in- 
fluent to the secondary is located near 
the edge of the dike separating the 
two ponds. 
Overflow Structures 

Many types of devices for control- 
ing the depth of the stabilization ponds 
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are used. The simplest of these is an 
overflow pipe through the dike at the 
high water level. A type used ex- 
tensively in North Dakota consists of 
a pipe located at the bottom of the 
pond with a gate valve located within 
a manhole in the dike to control the 
flow. This is needed to prevent freez- 
ing during winter operations. An 
overflow structure commonly used in 
Missouri includes two pipes located at 
maximum and minimum depths which 
slope upward from beneath the water 
surface to a manhole in the dike. The 
flow from the lower pipe is controlled 
by a valve or sluice gate. This ar- 
rangement satisfies two Missouri rec- 
ommendations concerning outlet struc- 
ture in that the pond can be operated 
at depths of from 3 to 5 ft and the 
effluent is removed from a point ap- 
proximately 6 in. below the surface. 
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have either a skirt or screening bars 
around the influent end of the over- 
flow to minimize the amount of float- 
ing material removed. 

Flow Measurement, Fencing, and 
Seeding 

Flow measurement devices consist- 
ing of rectangular weirs, V-notch 
weirs, Parshall flumes, Venturi 
meters or pump timers will be em- 
ployed in 14 of the 31 projects. 

Fencing was included in the con- 
tract in nearly every project. Barbed 
wire and woven wire topped by 
barbed wire were used approximately 
the same number of times. 

Seeding of dikes and areas dis- 
turbed by construction was made part 
of the pond contract in 75 per cent 
of the projects. The municipalities as- 
sumed this responsibility in the re- 
maining instances. A great many dif- 


© 1-cell lagoons 
© 2-cell lagoons 








Surface Area (Acres) 
FIGURE 4.—Stabilization pond contract costs in Nebraska and the Dakotas. 


Probably the most versatile outlet de- 
vice, variations of which are used in 
seven installations, consist of a man- 
hole divided by a wall containing stop 
planks. With the influent line to this 
manhole located at the bottom of the 
pond, this arrangement provides a 
means of regulating the pond depth 
between complete drainage and maxi- 
mum design depth. 

There was a wide variation in 
choice of effluent withdrawal eleva- 
tions. Ten installations provided for 
the removal of effluent from the bot- 
tom only. Thirteen provide a means of 
withdrawal at a point 6 in. to 1 ft be- 
low the water surface. The remaining 
seven will withdraw effluent from the 
water surface. Four of the latter type 
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ferent grasses were specified, but those 
which have a short root system (to 
prevent leaks in the dike) and pro- 
vide heavy cover (to prevent surface 
erosion) predominated. 
Surface Runoff 

Most of the installations were de- 
signed to prevent surface runoff from 
entering the pond. In approximately 
one-third of the installations it was 
necessary to construct intercepting 
ditches. In the remaining projects the 
dikes surrounded the entire pond mak- 
ing further runoff control measures 
unnecessary. 


Construction Costs 


Cost data collected and analyzed 
include the contract cost of excavation 


and earth placement, all piping within 
the periphery of the dikes, inlet and 
outlet structures, fencing, and seeding. 
Costs of pumping stations and inter- 
ceptor and outfall sewers were ex- 
cluded because of their widely varying 
magnitude. 

Costs have been related to surface 
areas rather than to design pepula- 
tions because of the variation in pre- 
scribed surface loadings. The result- 
ing cost curve for Missouri projects 
show a wide variation in unit costs 
for any total stabilization pond sur- 
face area. These differences in costs 
cannot be attributed to the number of 
cells comprising the total surface area 
or types of control structures, because 
all ponds are single-celled and of simi- 
lar design in other respects. The two 
factors primarily responsible for dif- 
ferences in costs are the unit cost of 
excavation and the amount of excava- 
tion necessary to provide a given sur- 
face area. The importance of these 
two factors is illustrated in Figures 
1, 2, and 3. Figure 1 shows the 
arrangement of unadjusted contract 
cost data and surface areas. Unit costs 
for Figure 2 were calculated by using 
the actual cost of appurtenances and 
the actual amount of excavation, but 
the statewide average cost of exca- 
vation. Cost data plotted in Figure 3 
include the actual cost of appurten- 
ances, the average cost of excavation, 
and a calculated quantity of excava- 
tion. This calculated quantity is twice 
the theoretical amount of excavation 
required to build a square, one-cell 
stabilization pond on a level surface 
with balanced excavation and embank- 
ment. Average berm widths, dike 
slopes, and water depths were used 
in this theoretical pond. The theoreti- 
cal excavation was multiplied by a 
factor of two to account for the fact 
that the actual average excavation 
for the Missouri projects was approxi- 
mately twice the theoretical require- 
ment. In one case, the actual excava- 
tion was four times the theoretical re- 
quirement because of adverse topo- 
graphical conditions. Conversely, in 
some projects where depression could 
be utilized the actual excavation was 
less than that theoretically required. 


The unit cost for excavation of 29¢/ 
cu yd used in Figures 2 and 3 was de- 
termined by averaging the excavation 
cost of 16 projects constructed in 
Missouri during the last year and a 
half. These costs range from 16.5 to 
63¢/cu yd. 





THE ANTHRACITE EQUIPMENT CORP. 


Anthracite Institute Building 


ANTHRAFILT” 


Mark Reg. U. 8. Pat. 


WILKES-BARRE, PENNA. 


— an Improved Filter Medium 


povvad sales and technical inquiries to 
Palmer Filter Equipment Company, 822 E. 8th St., Erie, Penna. 


Anthrafilt and Its Application 


Anthrafilt is made from a selected Pennsylvania anthracite 
which has been cleaned so as to have a minimum ash. This 
cleaned anthracite is then screened and classified hydrauli- 
cally to yield sizes suitable for filter purposes. 


Anthrafilt is used as a mechanical aggregate in place of 
sand and gravel in all kinds of filters, i.e. 


Rapid gravity filters 
Swimming pool filters 

Hot process softening filters 
Cold process softening filters 
Mechanical sewage filters 
Revolving screen filters 
Portable filters 


Slow filters 
Pressure filters 

Oil removal filters 
Alkali filters 

Acid filters 

Sewage sludge-beds 
Household filters 


The entire filter bed may be made up of Anthrafilt of 
various sizes or only the top layer may be of Anthrafilt over 
the usual bed of gravel. 


Advantages of Anthrafilt 


High Filtration Rate: Rates up to 200 mgad are obtainable 
with Anthrafilt without sacrifice of effluent quality. The ac- 
cepted average rate with sand is 125 mgad. 


Long Filter Runs: The larger, irregular Anthrafilt grains 
allow less clogging with algae or other fibrous substances. 
The angular grain surfaces provide greater entrapping areas 
for the removal of turbidity and bacteria. The differences 
in shape and specific gravity of the grains, by decreasing 
classification after back washing, allow the whole depth of 
the filter bed to be active in the filter operation. 


Lew Wash Water Costs: The long filter runs and conse- 
quent less frequent washing and the low degree of packing 
after back washing combine to cut the usual wash water 
requirements at least in half. 


Neo Cementing with Lime, Manganese or Iron: Lime will 
coat on Anthrafilt but this coating readily flakes off without 
any cementing action if filters are properly operated. Man- 
ganese and iron salts precipitated on Anthrafilt by the lime 
treatment are easily removed by back washing. 


High Degree of Expansion: 50% expansion is obtained with 
half the back wash velocity required for sand. 

Coarse Sizes Can Be Used: The irregular shape and natural 
filtration characteristics permit the use of much larger sizes 
with equal results. 

Gravel Beds Stay Flat: No ridging or mounding and less 
cracking and pulling away from side walls during operation. 
Low First Cost: Lighter weight per unit volume balances 


the cost differential between Anthrafilt and sand and saves 
on freight and handling charges. 


Filtration Characteristics 


Anthrafilt granules are irregular shaped and of varying 
densities. Weights run about 53 pounds per cubic foot as 
against 100 pounds for sand. The irregular shapes provide 


greater porosity resulting in more rapid filtration with no 
loss in character of effluent and with considerably less loss 
of head. 


The variable densities of Anthrafilt particles cause less classi- 
fication after back washing and the lighter, irregular shapes 
allow easier expansion and more effective cleaning. 


The greater bulk of Anthrafilt requires less tonnage per 
filter bed. Attrition losses amount to less than 0.25% per year. 


Anthrafilt successfully removes lime, iron and manganese 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes off 
easily without cementing and the iron and manganese salts 
are readily removed by back washing. Oil is easily removed 
from boiler water after coagulation with ferric sulphate, 
ferrous sulphate or alum. Anthrafilt can also be used for the 
filtration of acetic and sulphuric acids and caustic soda solu- 
tions. Being insoluble in alkaline waters, Anthrafilt produces 
silica-free water in hot process water softening. 
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grains, hence Anthrafilt beds are cleaned effectively. 
Anthrafilt No. 1 is usually made in sizes ranging from effec- 
tive size of .60 m.m. to .80 m.m. The uniformity coefficient is 
less than 1.75 in all sizes. We can make smaller sizes or 
larger sizes, but for special cases only. The remaining sizes 
of Anthrafilt are as follows: 


No. 2. Anthrafilt—3/32"x3/16” 

No. 3. Anthrafilt—3/16"x5/16” 

No. 4. Anthrafilt—5/16"x9/16” 

No. 5. Anthrafilt—9/16"x13/16" 

No. 6. Anthrafilt—13/16"x1-5/8” 

No. 7. Anthrafilt—1-5/8"x2-7/16” 
The above sizes have 20% tolerance. 


ANTHRAFILT ECONOMY 
When Used in Existing Filtration Plants 


Increased capacity with same plant 

Decreased volume of wash water 

Lower maintenance cost through elimination of ridging, 
mounding and air binding. 


When Used in Existing Filtration Plants 


Lower plant investment 
Lower cost per cubic yard 
Lower wash water costs 
Lower maintenance costs 
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The design and cost characteristics 
of stabilized ponds constructed in 
North Dakota, South Dakota, and Ne- 
braska are quite similar. For this 
reason, they were studied as a group. 
As shown in Figure 4, there is a 
rather good correlation between the 
unadjusted contract cost data for these 
projects. When adjusted as for Mis- 
souri, there was little improvement. 
This is to be expected, however, for 
there was less variation in unit cost of 
excavation and less variation in the 
quantity of excavation necessary to 
provide a given surface area. It is 
interesting to note that there is little 
difference in costs between one- and 
two-cell stabilization ponds. 

The construction details and costs 
of the one project in lowa, two in 
Kansas, and three in Minnesota are 
quite dissimilar from those in the 
other states. Because of this, the cost 
data were excluded from consideration 
with the other projects. The limited 
number of projects in this group pre- 
cluded a separate cost analysis. 
Other Costs 

The total first cost of projects ana- 
lyzed in this study was approximately 
20 pet cent greater than the actual 
contract cost. Included in this 20 per 
cent were engineering, legal, adminis- 
trative, and contingency costs. Land 
costs were not included in anv of the 
cost figures. The “per acre” cost of 
land varied over a wide range and was 
not necessarily proportional to amount 
of land purchased, or any other dis- 
cernible factor. 

Operation and Maintenance Costs 

Operation and maintenance cost es- 
timates were difficult to analyze since 
a lump sum was usually estimated for 
ponds, sewers, and pumping stations. 
However, for the few installations for 
which data are available a total of 
from $250 to $500 per year was al- 
lowed for ponds under 10 acres in 
area. Activities provided for in this 
allowance include mowing and weed 
control on dikes, general repairs of 
fences, dikes, etc., and inspections. 


Discussion 
Preliminary Planning 

As would be expected in planning 
treatment facilities of this type, less 
care was taken in estimating future 
population, flow, and strength than 
that found to be given in planning 
conventional secondary plants (3). 
Other aspects of preliminary planning 
peculiar to stabilization pond design 
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such as studies of prevailing wind di- 
rection, evaporation-precipitation re- 
lationship, etc., were not usually un- 
dertaken for individual installations, 
though these factors may have been 
considered on an area-wide basis. In 
spite of certain factors of safety in- 
herent in sewage stabilization ponds 
as compared with conventional sec- 
ondary treatment plants, improved de- 
sign could well result from more 
thorough engineering studies. 

Soil Compaction 

Specifications concerning the degree 
of soil compaction in the construction 
of stabilization ponds were generally 
quite liberal. Newer methods for de- 
termining compaction and_ stability 
could well replace less reliable meth- 
ods, especially when the consequences 
of dike failure or excessive leakages 
could be both costly and hazardous to 
health. 

Seepage 

Apparently there are some basic 
questions concerning _ stabilization 
pond seepage which remain unan- 
swered. These are: 

1. Is seepage a legitimate and de- 
sirable means of disposing of pond 
effluent ? 

2. If seepage is sometimes a desir- 
able means of disposal, to what extent 
and under what conditions should it 
be permitted ? 

3. If seepage is undesirable, what 
methods and materials should be used 
to prevent it? 

This study disclosed that there is 
a difference of opinion in regard to 
Question 1. Missouri states in its de- 
sion guide: “Percolation rates of the 
finished flood established in accord- 
ance with latest PHS recemmenda- 
tions must not exceed 0.25 inch per 
day. Sealing will be required when 
this rate is exceeded.” North Dakota 
states: “Soil formations should be 
relatively tight to avoid undue liquid 
losses through percolation.” 

The fact that some design engineers 
made soil borings indicates concern 
over Questions 2 and 3. In at least 2 
of the 31 projects there were reports 
of excessive seepage which may re- 
quire special sealing. 

With respect to Question 3, the en- 
gineer is confronted with the problem 
of finding a material which will ade- 
quately seal the pond and yet be in- 
expensive enough for this type of pro- 
ject to maintain its low-cost feature. 
Bentonite clay was used for this pur- 
pose in three installations. In two 


cases application of 1 lb/sq ft were 
specified. Bids of 20 and 50¢/sq yd 
were accepted for furnishing and plac- 
ing this material. In the other installa- 
tion the clay was applied at a rate of 
0.5 Ib./sq yd for 18¢/sq yd. There 
was one other project for which costs 
were available for special sealing ma- 
terial. In this project a 6-in. com- 
pacted layer of native clay was speci- 
fied and the bid cost was 50¢/cu yd 
or 814¢/sq yd. 

Construction Costs 

Construction cost data do not dis- 
play the expected relationship be- 
tween unit costs and populations 
served when plotted on a per capita 
basis, and it is felt that a comparison 
of costs on an acreage basis is more de- 
sirable. Accordingly, adjusted cost 
data, based on average unit costs of 
excavation and calculated quantities 
of excavation were used in this study 
in order to establish a basis for com- 
parison. The idea of using average ex- 
cavation costs for certain areas is ac- 
cepted in other construction fields ; 
however, the problem of determining 
the excavation required to provide a 
unit of surface area is difficult to gen- 
eralize. In most cases the total cost 
of excavation ranged from 40 to 70 
per cent of the total contract cost, with 
an average of about 56 per cent. 
Therefore, over one-half of the total 
adjusted cost was developed on a 
quasi-theoretical basis. 

The cost data presented in Figure 4 
can be readily translated into cost per 
unit of flow or per capita served 
through the application of known or 
estimated design factors for daily per 
capita flow and population served per 
acre of stabilization pond. Comparison 
of pond costs developed in this man- 
ner with costs of other types of treat- 
ment must include considerations of 
relative land, operation, and mainte- 
nance requirements and the longer 
outfall sewers usually required for 
stabilization ponds because of their 
greater distance from the community 
served. 


Summary and Conclusions 

Engineering investigations prelimi- 
nary to the design of raw sewer sta- 
bilization ponds were very limited in 
scope. 

State design recommendations have 
a marked effect on the loading, num- 
ber, and arrangement of cells. There 
is considerable variation in these rec- 
ommendations within similar geo- 
graphical areas. 





Several basic questions relative to 
seepage from stabilization ponds re- 
main unanswered. Differences in state 
standards and liberally written engi- 
neering specifications as to dike and 
bottom compaction and permeability 
illustrate the need fot greater knowl- 
edge and guidance in this respect. 


Construction cost data for stabiliza- 
tion ponds in three states disclosed a 


high degree of correlation when de- 
veloped on the basis of cost per unit 
of surface area. 

Construction cost data for similar 
projects in one state displayed little 
correlation when developed on the 
same basis. A technique was devised 
for delineating the cause of widely 
varying unit costs and for the reduc- 
tion of such costs to a rational rela- 
tionship. 
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Trickling Filter Theory 


by K. L. SCHULZE, D.Sc. 


Dept. of Civil Engr., Mich. State Univ., East Lansing, Mich. 


® TRICKLING FILTERS represent one 
of the most widely used devices for 
industrial wastes treatment even 
though there exists up to date no 
comprehensive theory which would 
guide the design of these installations. 
So far designing is regulated by em- 
pirical standards which often have to 
be modified in order to accommodate 
industrial conditions. Nevertheless a 
number of basic facts are known 
which are suitable for the formation 
of a theoretical framework. 


BIOLOGICAL FILM 
L] y 
ANAEROBIC AEROBIC 


Bas 





The purpose of the filter bed is to 
provide a support for the biological 
film that develops when waste is ap- 
plied. Purification of the waste is ac- 
complished by the biochemical activ- 
ity of this film. Assuming stone of 
uniform spherical shape in tight pack- 
ing, calculation shows that about 52 
percent of a given filter volume is 
taken up by the carrier material or 
media. This leaves about 48 percent 
of the filter volume for free space be- 
tween the individual pieces of gravel 
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FIG. 1. SCHEMATIC DIAGRAM of Trickling Filter Process. 
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or stone. These voids between the 
stones are the most important part 
of the filter, they provide the space 
for the development of the biological 
growth and for the passage of waste 
liquid and air. In practice less than 
48 percent voids is usual, because the 
stone is not uniform and spherical. 

The name filter is actually not cor- 
rect. The polluting material is not 
removed by the filtering action of fine 
pores; if it were, the plant would 
soon be clogged. A trickling filter 
operates more like an absorption 
tower or like a large sponge contain- 
ing thousands of cavities lined with a 
moist film of microorganisms. Waste 
liquid flows over this biological 
growth as a thin sheet forming a 
large contact surface of air and wa- 
ter. All the cavities are intercon- 
nected by a maze of irregular chan- 
nels, permitting air to move through 
the system. The process is schemati- 
cally represented in Figure 1. 


Biological Film 


The diagram shows the biological 
growth coating the stone surface, the 
waste liquid film, and the air in con- 
tact with the liquid film. The masses 
of bacteria contained in the biological 
film adsorb particles of organic waste 
material that are passing by in the 
stream of waste liquid. The adsorbed 
organic substances such as carbo- 
hydrates, fats, and proteins are then 
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ition a whey which represented a 2000 mg/L BOD increase. 


enzymatically split into smaller units 
and oxidized or used for the growth 
of new bacterial cells. The amount of 
organic pollutant adsorbed and oxi- 
dized or converted to new cell growth 
is measured in pounds of BOD re- 
moved per unit filter volume, or as 
percent BOD removal or percent ef- 
ficiency. 

For the oxidation process carried 
on by the bacteria a continuous supply 
of oxygen is necessary. Bacterial cells 
do not use atmospheric oxygen direct- 
ly but require instead dissolved 
oxygen. The solubility of oxygen in 
water is very limited, at 70°F a maxi- 
mum of about 8 mg/L oxygen can be 
dissolved. Since there is no appreci- 
able storage, the dissolved oxygen 
has to be constantly renewed by con- 
tact with the atmosphere. The chan- 
nels between the cavities in the filter 
must therefore be open so air can 
move through the system. 

The limited supply of oxygen also 
leads to another conclusion. Deeper 
layers of the zoogleal growth cannot 
get all the oxygen they need. The ex- 
change of oxygen-carrying water is 
slow in these regions and the diffu- 
sion of dissolved oxygen to these lay- 
ers is also slow. Therefore a zone of 
lack of oxygen develops in the deeper 
layers of the biological film, as shown 
in Figure 1 under the designation 
“anaerobic layer.” This layer is 
usually black in color and is more 
pronounced when the aerobic layer 
on top of it is more than % inch thick. 
The aerobic layer usually has a brown 
or grey color. The metabolic products 
of the aerobic layer are those expected 
from an oxidation process, primarily 
carbon dioxide and water. In addi- 
tion, most of the metabolic products 
of ‘the anaerobic layer, such as hy- 


drogen sulfide (H2S), acids, and 
ammonia, are oxidized in the aerobic 
layer. Not all of the organic material 
contained in the waste is completely 
oxidized, part of it is converted into 
new growth which tends to increase 
the thickness of the biological film. 

Normally the excess growth sloughs 
off and is carried out by the filter 
effluent into the final settling tank. 
A portion of this filter sludge, how- 
ever, is always retained in the filter, 
especially in the narrow passageways 
and corners not reached by the liquid 
scouring action. If this sludge ac- 
cumulates to such an extent that it 
clogs all passages in a certain filter 
area, we have the condition known as 
“ponding”. The ponded part of the 
filter cannot produce any aerobic 
treatment as it is shut off from the 
oxygen supply. The overall result is 
a reduction in efficiency of the filter 
in proportion to the extent of pond- 
ing. 


Affect of Loading 


There is another aspect connected 
with the ponding problem. In re- 
search done since 1956 at Michigan 
State University' it was observed 
that the thickness of the aerobic layer 
was directly related to the strength 
of waste treated on the filter. The 
treatment of municipal sewage never 
produced more than % inch of bio- 
logical growth on the experimental 
filter. But as soon as the BOD of 
the sewage was increased to 500, 
1000, or 200 mg/L by adding whey, 
the thickness of the biological film 
increased up to % inch as shown in 
Figure 2. On the left is a photograph 
of the screen receiving East Lansing 
sewage. It shows a thin brown coat- 
ing on the strands of ithe screen. The 


SCREEN GROWTH, at lett, after receiving settled sewage for 13 days. Same screen on right after addi- 


photograph on the right is the same 
screen when whey was added and the 
BOD increased to 2000 mg/L. The 
difference demonstrates clearly the 
heavy growth developed under high 
BOD conditions. On a conventional 
filter the same growth would occur if 
undiluted dairy wastes were treated. 
The heavy film would clog the nar- 
row and irregular passageways with- 
in the filter media, and the whole 
filter would pond in a short time. 
This is one reason why strong indus- 
trial wastes require a high recircula- 
tion rate. The intention is to dilute 
incoming raw wastes by a high pro- 
portion of recirculated flow, so the 
BOD of the mixture distributed over 
the filter does not exceed a value of 
approximately 800 mg/L. In addi- 
tion the increased hydraulic rate helps 
to flush the filter and keep the pas- 
sage free. 

These considerations now lead to 
the more physical aspects of trickling 
filter theory. It was mentioned earlier 
that the removal of BOD through the 
filter depends on the activity of the 
biological film. One deduction from 
this fact would be that the more time 
the waste is allowed to be in contact 
with the biological film the higher 
would be the degree of treatment 
achieved. 

Here it should be understood that 
there are always two kinds of loads 
being placed on a filter: the organic 
load, and the hydraulic load. Organic 
load is measured in pounds of BOD 
per unit filter volume per day. The 
various equal units of expression are 
given below for comparison : 

1 Ib. BOD/cubic yard/day 
1613 Ib. BOD/acre foot/day 
37 lb. BOD/1000 cubic feet/day 


The unit recommended by the FSI- 
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3. RELATIONSHIP between or- 
ganic load and efficiency 


== series 1, hydraulic load 5.5 mgad. 
B = series il, hydraulic load 8.1 mgad. 


WA Subcommittee on Standardiza- 
tion of Units is pounds of BOD per 
1000 cubic feet per day. For low rate 
or standard filters the organic load 
ranges normally from 5 to 25 lb 
BOD/1000 cu ft/day. With high 
rate filters employing recirculation, 
organic loads from 25 to 300 lb 
BOD/1000 cu ft/day are used. 

Hydraulic load has usually been 
measured as millions of gallons per 
acre of filter surface per day. Some- 
times gallons per square foot per day 
is used. The unit recommended by 
the Subcommittee on Standardization 
is feet per day, equivalent to cubic 
feet of liquid per square foot of filter 
surface per day. Hydraulic load is 
thus measured in depth of liquid ap- 
plied to the filter surface, much in 
the same manner as rainfall. A com- 
parison of the various equal hydraulic 
units is given below : 

1 mil. gal. per acre per day (mgad) 


23 gal. per square foot per day 
3.06! feet per day 


Low rate or standard filters are op- 
erated at 5 to 15 feet per day or 1.65 
to 4.9 mgad. For high rate filters the 
range is from 15 to 100 feet per day 
or from 4.9 to 33 mgad. These hy- 
draulic loads include recirculation 
flow. 


Varied Organic Loads 

Returning to the theory that degree 
of treatment depends on the time the 
waste is in contact with the biological 
film, it is important to consider the 
effect of the two kinds of loads on 
contact time or detention time in the 
filter. Organic load as such apparent- 
ly is not related to contact time and 
therefore not to the efficiency. The 
reason is that organic load can be 
changed without any change in hy- 
draulic load. Let us assume a given 
filter is operated at a hydraulic load 
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of 4 mgad and the incoming waste 
flow is 1 mil. gal. per day at an aver- 
age strength of 100 mg/L BOD. The 
total BOD load on this filter would 
then be 10° x 8.34 x 100/10® = 834 
pounds of BOD per day. If under 
the same conditions the average BOD 
of the incoming waste were increased 
to 200 mg/L, the BOD load would 
double to 1668 pounds of BOD per 
day. Since the flow through the plant 
was not changed it would be reason- 
able to assume that in both cases the 
waste had the same opportunity for 
treatment. The expected result would 
be that the efficiency or percent BOD 
removal should be the same in both 
cases. 

Figure 3 shows a series of data 
which were obtained from an experi- 
mental trickling filter at Michigan 
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FIG. 4. RELATIONSHIP between hy- 
draulic load and efficiency 


State University?. In Series I the 
filter was operated at a constant hy- 
draulic load of 5.5 mgad and the aver- 
age BOD removal, determined from 
the slope of the line, was 74.4 per 
cent. Increasing the organic load from 
1 to 4 pounds of BOD per cubic yard 
per day did not change the efficiency, 
as can be seen from the straight line 
relationship between pounds of BOD 
applied and pounds of BOD removed. 
The same was true for Series II, 
where the organic load was increased 
from 5 to 10 pounds of BOD per 
cubic yard per day at a constant hy- 
draulic load of 8.1 mgad. Here the 
average efficiency was 65.5 percent. 
Series I and II together cover a range 
in organic load from 0.5 to 10 pounds 
of BOD per cubic yard per day, or 
from 17 to 370 pounds of BOD per 
1000 cubic feet per day. In both 
series it was demonstrated that ef- 
ficiency was independent of organic 
load, as long as the hydraulic load 
remained constant. 


Varied Hydraulic Loads 

The picture changes though if the 
effect of hydraulic load is considered. 
Doubling the hydraulic load or the 
flow to a given filter certainly would 
affect the contact time. As a first ap- 
proximation one might assume that 
the contact time and therefore the ef- 
ficiency, would be reduced to one half 
its previous value. Certainly actual 
conditions will not be as simple as 
that. In practical operation trickling 
filters seldom receive a constant hy- 
draulic load, and most filters employ 
a certain amount of recirculation. 
Information on the effect of hydraulic 
load would have to come from experi- 
mental filters, where all other factors 
are kept as nearly constant as pos- 
sible. 

In Figure 4 a series of data is 
shown from the experimental trick- 
ling filter at Michigan State Univer- 
sity where hydraulic load was in- 
creased from 5 to 30 mil. gal. per acre 
per day. The curve demonstrates that 
efficiency measured as percent BOD 
removal decreased regularly with in- 
creasing hydraulic load. The curve 
also shows that the relationship be- 
tween efficiency and hydraulic load is 
not as simple as the one mentioned 
previously. 


Mathematical Formulations 

It was found that a plot of the 
logarithm of percent BOD remaining 
against the logarithm of hydraulic 
load resulted in a nearly straight line, 
as shown in Figure 5. With the ex- 
ception of one point, the experimental 
data fitted this line quite well. The 
curve can be represented by the para- 
bolic equation. 


where L. = final effluent BOD, mg/L 
Li = incoming waste BOD, mg/L 
Q = hydraulic load, mgad 
c = a constant 
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FIG. 6. PERCENT BOD remaining ver- 


D 
sus time factor + = —— (Data from 
0.66 


Screen Filter) 


The constant derived from the graph 
was c = 0.67 and the intercept was 
a = 0.079, so the equation of the 
experimental curve becomes 
L./L: = 0.079 Q*" 
The fraction of BOD remaining is 
thus proportional to the hydraulic 
load to the 0.67 power. The value of 
the constant ¢ agrees with the two- 
thirds power of Q introduced recent- 
ly by Howland* and by Bloodgood, 
Teletzke, and Pohland* in computing 
the contact time for trickling filter 
models. According to Howland, con- 
tact time is directly proportional to 
depth of filter and inversely propor- 
tional to the two-thirds power of the 
hydraulic load : 
¢ = D/Q’" 
where t = a factor representing 
contact time, 
D = depth of filter in feet. 

If it is assumed that the degree of 
BOD removal is directly related to 
contact time, the time it takes the 
waste to pass through the filter, then 
this could be expressed by the equa- 
tion : 

L/L; = e** 

where t would be replaced according 
to equation (2), and: 


ee eo hans OEE (5) 


where K = constant, k = 2.303 K. 

A plot of log L./L;, the fraction or 
percentage of BOD remaining, 
against the time factor t should then 
result in a straight line with slope K. 
The experimental data previously 
shown in Figure 4 were used to test 
the value of these mathematical for- 
mulations. The results are presented 
in Figure 6. 

This graph demonstrates that the 
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experimental data fit the equation 
reasonably well. For contact time 
zero, at an infinitely high hydraulic 
load, 100 percent of the BOD re- 
mains. With increasing contact time 
or decreasing hydraulic load, the per- 
cent BOD remaining decreases in di- 
rect proportion. In other words, the 
efficiency improves in direct relation- 
ship to the diminishing hydraulic load. 
The experimental K values varied be- 
tween 0.22 and 0.33. From the slope 
of the line in Figure 4, a K value of 
0.3 was determined. 


Percent BOD Remaining 








10 #15 20 25 30 35 «40 
Q, mgad. 


FIG. 7. EFFECT of hydraulic load on 
per cent BOD remaining for K = 0.3 


Using this K value in Equation 5, 
the efficiency of a trickling filter can 
be predicted for any combination of 
depth and hydraulic load. Two ex- 
amples are given in Figures 7 and 8. 
Figure 7 shows the effect of hydrau- 
lic load on a six-foot filter, and it can 
be seen that the experimental data 
from the screen filter fit the curve 
very well. In Figure 8 the theoretical 
efficiency curve for various depths at 
a hydraulic load of 5 mgad has been 
plotted. For comparison, experimental 
data were taken from the work of 
Grantham, Phelps, Calaway, and Em- 
erson®. As can be seen, the points fol- 
low the curve to a reasonable degree. 
These results clearly demonstrate that 
hydraulic load and depth are two of 
the major factors determining the ef- 
ficiency of trickling filters. Organic 
load, which has been used extensively 
as a parameter, does not affect ef- 
ficiency as long as the organic load 
remains below a certain critical level. 
As shown by the curves in Figure 3, 


the critical level has not been reached 
at a load of 10 pounds of BOD per 
cubic feet per day, corresponding to 
370 pounds BOD per 1000 cubic feet 
per day. The great majority of trick- 
ling filters are operating below this 
level. 

In addition to hydraulic load and 
depth there are two other factors 
which should be considered in any 
trickling filter theory, namely temper- 
ature and recirculation. It appears 
however that considerably more ex- 
perimental work is needed in these 
areas of research before any theo- 
retical approaches could be supported 
by data. Nevertheless, Equation 5 
provides a basis for computing the ef- 
ficiencies of single-pass filters at any 
given combination of hydraulic load 
and depth. 
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USE of FINAL SETTLING TANKS WITH 
STANDARD-RATE TRICKLING FILTERS* 


by JOHN R. THOMAN and KENNETH H. JENKINS 


Division of Water Supply and Pollution Control, Public Health Service, U. S. Department of Health, 


S ince 1939, the Public Health Serv- 
ice in cooperation with state wa- 
ter pollution control agencies and 
health departments has conducted an 
inventory of facilities for the disposal 
of sewage. Basic documents have been 
published at irregular intervals, the 
latest being the “1957 Inventory of 
Municipal and Industrial Waste Fa- 
cilities” (1). 

As part of the Inventory activity, 
statistical summaries of sewage works 
practice are prepared. Recent ones in- 
clude a general summary of sewage 
works practice (2), and a report on 
sewage chlorination facilities (3). 

This paper on the use of final sedi- 
mentation with standard-rate trickling 
filters closely parallels a similar study 
prepared from the “1948 Inventory” 
(4). 


Data 

This study is based on the 1957 edi- 
tion of the Inventory and presents 
tabular data on the use of final sedi- 
mentation tanks with standard-rate 
trickling filters. Basic data are ar- 
ranged by states, population groups 
based on community size, and major 
drainage basins in Tables I, II and 
III, respectively. A map showing the 
basins is included in one of the earlier 
studies (3). In each of these tables, 
data are reported for the numbers of 
plants and the estimated population 
served for two categories of trickling 
filter plants—with and without final 
settling tanks. Comparative percent- 
age data are included for both 1948 
and 1957 in the state and population 
group tables. Such data are not avail- 
able for 1948 by drainage basins. 

In certain cases, filters are followed 
by some other secondary process rath- 
er than by a final sedimentation tank. 
The 1948 report listed these as foot- 


*Reprinted from WPCF Jour., Vol. 32, 
No. 5, by permission, 
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FCURE 1.—Efficiencies of trickling filters with final tonks. 
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FIGURE 2.—Efficiencies of trickling filters without final tanks. 
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notes, and the same procedure has 
been followed here. This practice is 
more extensive in 1957 than in 1948, 
and is commented on below. 

Table IV _ presents experience 
through June 30, 1959, on applica- 
tions for financial assistance from the 


Public Health Service in construction 
of trickling filter plants, under terms 
of Section 6 of P. L. 84-660. While 
the design requirements for a plant 
are determined in each instance by 
the various state regulatory agencies, 
this tabulation probably represents a 





Table | 
Number of Trickling Filter Plants with and without Final Settling Tanks 
and Estimated Population Served by States 





Standard-Rate Trickling Filter 
Plants Having 


Final Settling 
anks 
Number Estimated Number 
of Population of 
Plants Served Plants 


No Final Settling 
Tanks 


Per Cent of Plants 
Without Final 
Settling in 


Per Cent of Population 
Served Without Final 
Settling in 
Estimated 
Population 1948 1957 


1948 1957 


' Served 





Alabama 
Arizona 
Arkansas 
California 
Colorado 


18,775 - 
38,000 2 
39,500 3 

275,560 23+ 

1,230 12 


Connecticut 
Delaware 
Florida 
Georgia 
Idaho 


3,800 2 
1,750 
15,500 oo 
335,400 17 
25,500 il 
IMinois 
Indiana 
lowa 
Kansas 
Kentucky 


533,611 67 
161,170 5 
650,608 47 
388,315 

171,595 


Lovisiana 
Maryland 
Massachusetts 
Michigan 
Minnesota 


82,895 
28,887 
80,700 
257,393 
159,574 


Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 


12,000 
293,100 


37,484 


New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 


2,270 
331,110 
47,700 
184,080 
323,885 


North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 


22,800 
569,560 
277 932 

65,300 
535,510 


Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 


19,450 
114,900 
116,155 
106,105 
981,410 


Uteh 

Virginia 
Weshington 
West Virginia 
Wisconsin 
Wyoming 


61,790 
33,960 
30,360 
20,100 
168,000 
50,300 


221,135 
171,280 


23,915 
2,500 
2,500 

72,677 

46,565 


40.0 
66.7 
60.0 
56.3 
88.9 


50.0 
40.0 
42.9 
41.1 
92.3 


30.0 56.0 
29.8 6.2 
24.3 6.1 
24.8 29.9 
95.5 97.4 


0 i 50.0 71.2 
0 0 0 
0 0 0 
50.0 . 18.4 9.1 
33.3 6.3 0 


9,400 


33,600 


32,930 6.3 
10,550 13.6 
76,170 34.8 
26,590 8.2 : 2.7 
14,270 6.1 


3.9 5.8 
5.2 6.1 


6.4 
77 
44,167 65.0 34.8 
se : 0.1 0 
2,650 0 3.2 
43,980 3.4 14.6 


1,480 0.5 0.9 


21,000 
21,204 
3,000 
130,042 
1,250 


65.6 
20.6 6.7 
saa 100.0 
60.5 84.0 77.6 


0 
11.5 
75.0 
15.4 
56.3 


91,943 
16,150 
169,100 
58,230 


56,800 
12,960 17.6 . 2.2 
157,210 88.3 36.1 
1,100 7.7 17.2 1.7 
37,520 15.9 6.5 


88.9 


0 0 0 
65.0 54.5 9.0 
32.3 3.8 
50.0 67.6 
76.4 14.9 


11,350 
4,595 


30.3 


400 
24,540 


te nt 0.6 
32.4 44.8 22.0 41.9 
iio 0 0 0 0 
18,500 20.0 20.0 47.9 47.9 
1,735 4.5 2.2 1.9 1.0 
1,000 100.0 25.0 100.0 1.9 


fair composite of current practice in 
the construction of this type of plant. 


The “1957 Inventory” contained 
data for the first time on the popula- 
tion equivalents, in terms of 5-day 
BOD, of the raw and treated wastes 
originating in community sewer sys- 
tems. For those cases where matched 
data—population equivalent (P.E.) of 
both raw and treated wastes—were 
available, the percentage remaining 
was computed. The per cent remain- 
ing in the effluent was used, rather 
than per cent reduction in the plant, 
because of machine processing compli- 
cations. These data have been sum- 
marized for standard-rate trickling fil- 
ter plants with and without final set- 
tling tanks, and are presented in Ta- 
bles V and VI. The frequency dis- 
tributions are graphically presented 
in Figures 1 and 2. 

Matched data were available for 
1,295 of the 1,870 standard-rate trick- 
ling filter plants. The percentages re- 
maining were listed sequentially by 
states and were examined for any 
gross bias that may have been intro- 
duced in the data reporting, such as 
equal reductions for all plants in a 
state. As a consequence, the data for 
151 plants were removed. For the 
final statistical analysis, data were 
available for 58.4 per cent of the plants 
with final tanks, and 69.4 per cent of 
those trickling filter plants having no 
final sedimentation. 


Discussion 


Standard-rate trickling filter plants 
comprise over 40 per cent of all sec- 
ondary treatment plants, and serve 
21.6 per cent of the population con- 
nected to secondary plants. The im- 
portance of this method of biological 
treatment is evident both from the 
standpoint of numbers currently in 
use and those presently being con- 
structed as shown in Table IV. 

In 1948, more than a third of trick- 
ling filter plants did not have final 
settling tanks, while in 1957 about 1 
in 4 did not have final tanks (Table 
VII). Between these same periods 
there were actual decreases in the 
number and the population served by 
plants without final tanks. The use of 


Total 7 675,024 458 1,676,038 34.3 24.5 20.1 17.9 


oxidation ponds following trickling 
filters increased substantially. 

In 1957, trickling filter plants with- 
out final sedimentation served about 4 
per cent of the population served by 
secondary treatment and comprised 





* No trickling filter plants were reported for the District of Columbia, Maine, or Vermont. 
+ Certain of the trickling filter plants without final settling tanks are followed by 
ponds or application to land. An accounting of these is as follows: California, 15 plants serving a 
population of 58,255; Illinois, 1 plant serving 7,140; Kansas, 3 plants serving 11,240; Nebraska, 
3 plants serving 2,200; Nevada, 2 plants serving 1,250; New Mexico, 2 plants serving 300; Oklo- 
homa, 5 plants serving 11,850; Oregon, 1 plant serving 1,000; and Texas, 12 plants serving 41,470. 


© dent 
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Table Il 


Number of Trickling Filter Plants with and without Final Settling Tanks 
and Estimated Population Served by Population Size Groups 





Standard-Rate Trickling Filter 
Plants Having 


Final Settling 
Tanks 


Population Size Number Estimated 
Groups of Population 
Served 


No Final Settling 
T 


Per Cent of Plants 
Without Final 
Settling in 


Per Cent of Population 
Served Without Final 
Settling in 


1948 1957 1948 1957 





Under 500 
500- 1,000 
1,000-5,000 
5,000-10,000 


10,000-25,000 
25,000-50,000 
50,000- 100,000 
Over 100,000 


86 
229 
682 
224 


28,547 
157,336 
1,462,741 
1,361,505 


130 
27 
15 
19 


1,477 027 
650,195 
982,260 

1,555,413 

Total 


1412 7,675,024 


1,676,038 


38.3 
36.7 
37.9 
26.2 


34.4 
27.8 
25.3 
17.3 


52.9 
36.1 
34.6 
27.1 


38.0 
26.0 
22.7 
14.7 


383,125 

78,200 
200,600 
275,750 


26.0 
17.6 
26.7 
22.7 


21.2 
12.9 
16.7 
20.8 


23.1 
16.1 
25.4 

7.1 


20.6 
10.7 
17.0 
15.1 
34.3 24.5 


20.1 17.9 








Table Ill 


Number of Trickling Filter Plants with and without Final Settling Tanks 
and Estimated Population Served by Major Drainage Basins 





Stondard-Rate Trickling Fi 
Final Settling 
Tonks 


Major Drainage Basins Number Estimated 
of Population 
Plants Served 


Per Cent of 


Iter Plants Having Per Cent of Population 


Plants Without Served Without 


Non Final Settling 
Tonks 
Number 
of 


Final Settling 
in 1957 


Final Settling 
in 1957 

Estimated 

Population 

Plants 





Northeast 
North Atlantic 
Southeast 
Tennessee River 
Ohio River 


4 
110 
85 
10 
142 


263,515 
872,542 
817,260 
60,900 
1,015,560 


Lake Erie 

Upper Mississippi 
Western Great Lakes 
Missouri River 
Southwest-Lower Miss. 


9 
405 
42 


82,485 
1,366,801 
356,323 
566,559 
866,559 


50,390 
899,010 
118,360 
277 A60 

61,300 


7,675,024 


Colorado River 
Western Gulf 
Pacific Northwest 
California 

Great Basin 


Total 


W 179,150 
27 131,833 
52 131,895 

8 217,235 
23 79 640 


1 910 
44 142,490 
13 45,895 
87 227 641 

291,102 


2,900 
150,320 
1,100 
57,980 
15,947 


1,676,038 





almost 10 per cent of the total sec- 
ondary treatment plants. 

As in 1948, Oklahoma and Texas 
reported the largest number of trick- 
ling filter plants without final sedi- 
mentation, 70 and 48, respectively. 
Tennessee and Texas reported the 
largest populations served by such 
plants. In 11 states, the number of 
plants without final settling tanks ex- 
ceeds or equals those having such 
tanks. However, in only nine states 
does population served by plants with- 
out final settling tanks exceed that 
served by plants with final tanks. 

On the basis of population groups, 
the percentage of trickling filter plants 
without final tanks is largest in com- 
munities of less than 5,000 population. 


Approximately 37 per cent of the 
trickling filter plants in these groups 
do not have them, and these comprise 
almost 11 per cent of the total sec- 
ondary plants serving communities of 
less than 5,000 population. 

The Southwest-Lower Mississippi 
basin has the largest number of plants 
having no final sedimentation as well 
as the largest population served by 
such plants. Plants of this type are 
least common in the Lake Erie and 
Pacific Northwest basins. 

The data shown in Tabels V and VI 
were examined in terms of 5 per cent 
intervals of percentage of the popula- 
tion equivalent remaining after treat- 
ment. The frequency distributions 
prepared on this basis gave a skewed 
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curve which did not present a good fit 
of a normal frequency distribution 
curve. 

Since the distributions were signifi- 
cantly skewed to the right, the data 
were then examined in terms of the 
logarithms of the per cent population 
equivalent remaining. The distribu- 
tion of these logarithms was found to 
be not significantly different from a 
normal curve when tested for skew- 
ness. The means of these distributions 
show that trickling filters followed by 
final sedimentation removed 81.5 per 
cent of the population equivalent en- 
tering the treatment plant and that 
those plants having no final tanks re- 
moved only 71.0 pe rcent. Since these 
per cent removals are geometric 
means, they are less affected by ex- 
treme values and indicate somewhat 
more removal than the arithmetic 
means of 78.8 and 66.1 per cent for 
trickling filters with and without sedi- 
mentation, respectively. 

Figures 1 and 2 show the normal 
curves derived from the distribution 
of logarithms for both types of trick- 
ling filters. One can also show the same 
normal curves plotted on probability 
paper which enables one to read di- 
rectly the percentage of the distribu- 





Table IV 
Trickling Filter Plants Approved 
for Construction Under PL-660 
as of June 30, 1959 





With Final 
Settling 


Without Final 


State Settling 





Alabama 
Arkansas 
California 
Colorado 
Connecticut 
Florida 
Georgia 
Illinois 
Indiana 
lowa 

Kansas 
Michigan 
Minnesota 
Missouri 
Nebraska 
New Mexico 
North Carolina 
Ohio 
Oklahoma 
Oregon 
Pensylvania 
Rhode Island 
South Carolina 
Tennessee 
Texas 

Utah 
Virginia 
Washington 
Wisconsin 


-—- NO 


N=—Gaan—-—Uaeeuwne ea Ute UNOW—WNN >A 
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Total 152 
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tion having “X per cent of BOD re- 

Table V maining.” It also enables a direct 

comparison of the two types of filters. 

The examination of the median val- 

Per Cent Population Size Group (Thousands) ues of Table V for those trickling filter 

Pop. Equiv. plants with final sedimentation shows 

Remaining Totel Over no definite increase in percentage re- 
Mid-Point . <2 . 

movals as the size of communities in- 

creases. However, such a trend is 


Reported Frequency Distribution of Efficiencies of Trickling Filter Plants with Final 
Settling Tanks (Per Cent Population Equivalent Remaining Discharged to Streams) 
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Under 5 10 
5 29 
10 155 
15 197 
20 139 
25 145 
30 56 
35 14 
40 26 
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95 
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Table Vil 


Accounting of Final Tanks for Trickling 
Filter Plants 





With Final Tanks Without Final Tanks 
Number Estimated Number Estimated 
of Population of Population 
Year Plants Served Plants Served 


1948 997 7,249,650 520 1,827,470 
1957 1412 7475024 458 1,676,038 
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apparent for those plants having no 
final settling tanks. For the smaller 
population groups, serving communi- 
ties of under 5,000 population, the me- 
dian percentage removal is about 70 
Table VI per cent which increases to 81 per cent 
Reported Frequency Distribution of Efficiencies of Trickling Filter Plants without po moval for plants serving a 
Final Settling Tanks (Per Cent Population Equivalent Remaining ties of 10,000 to 25,000 population. 

Discharged to Streams) While any generalizations from 

these data are subejct to many quali- 
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Per Cent Population Size Group (Thousands) fications, it appears that the use of 


Pop. Equiv. 
Remaining Total 


final sedimentation increases plant ef- 
Mid-Point 


ficiency by 10 per cent when measured 
in terms of BOD. 
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23 


References 


1. “1957 Inventory of Municipal and In- 
dustrial Waste Facilities.” Pub. 
Health Service Publication No. 622, 
9 Vols., U. S. Govt. Printing Office, 
Washington, D. C. (1959). 


2. Thoman, J. R., and Jenkins, K. H. 
“Statistical Summary of Sewage 
Works in the United States.” Pub. 
Health Service Publication No. 609, 
U. S. Govt. Printing Office, Wash- 
ington, D. C. (1958). 

3. Thoman, J. R., and Jenkins, K. H., 
“Statistical Summary of Sewage 
Chlorination Practice in the United 
States.” Sewage and Industrial 
Wastes, 30, 12, 1461 (Dec. 1958). 

4. Thoman, J. R., “Use of Final Settling 
Tanks with Standard-Rate Trickling 
Filters.” Sewage and Industrial 
Wastes, 22, 11, 1428 (Nov. 1950). 


—— 


lll i wleemaun-ael 


LIL Lal aemowna-oanenne 


Prd bd dat td beat ietl-ttl 
Pred deeded bbe bbb beet tt 


al wan-onoa 


Over 95 


Total 


o 

N 
Ww 
Nn 


° 
Loo PEITENIA SUID deot hl iige 


8 & 


Medion 


8 
| 





W.&S.W.—REFERENCE NUMBER—1960 





Control of Psychoda Flies 


by HERBERT DeRUITER 


Supt.* Salt Creek Sanitary District, Sewage Treatment Plant, Villa Park, Illinois 


® Tue Psycuopa FLy, commonly 
known as the filter fly, is one of the 
major nuisances in trickling filter 
operations of sewage and industrial 
waste treatment plants. The filter fly, 
whose eggs, larve and pupae grow in 
sewage, may give rise to conditions 
which interfere with the smooth func- 
tioning of the plant, if not properly 
controlled. The following is a sum- 
mary of conditions which existed in 
the Salt Creek Sanitary District Sew- 
age Treatment Plant from the years 
1953 through 1959. 

This plant, located at Villa Park, 
Illinois, consists of two primary set- 
tling tanks 20’ by 70’ by 8’, with 
sludge collecting equipment, con- 
nected to two trickling fliters. One 
filter (Fig. 1) is rectangular, 70’ by 
90’, with stationary nozzles, and the 
other (Fig. 2) is circular, 120’ in 
diameter with a rotary distributor. 
There is one final settling tank re- 
ceiving the effluent from both trick- 
ling filters. The capacity of these fil- 
ters is approximately 1.5 mgd. 

In the Spring of 1953, this plant 
was heavily infested with filter flies. 


“Recipient of the Operator of the Year Award, 
same made by the Iilinois State Sanitary Water 
ard. 


LARVAE SHOWN growing on typical 
group of trickling filter stones. 


In fact, the infestation was so great 
that filter flies were found in tre- 
mendous numbers in dwellings as far 
as a half mile from the plant and the 
nuisance they created assumed such 
proportions that the local papers fea- 
tured it in editorial headlines. Con- 
current with the millions, perhaps bil- 
lions, of adult psychodae creating a 
nuisance outside the filter, an equal 
number of larvae and pupae were 
hindering the efficient functioning of 
the trickling filter bed itself (Fig. 3). 
As the number of larve increased, the 
number of tubifex worms and bac- 
teria, whose primary function it was 
to reduce sewage solids, decreased. 
This resulted in a much higher BOD 
of the trickling filter effluent than 
is obtained under proper operating 
conditions. If the filter fly larvae in- 
festing the trickling filter stones are 
not properly controlled, ponding of 
the filter may result and objectionable 
odors will soon be evident. During 
the 1953 season both filter beds were 
sprayed with 165 gallons of various 
insecticides consisting of DDT, Chlor- 
dane, Lindane, and Ortho-dichloro- 
benzene, for filter fly control, but to 
no avail. In fact, the situation got so 
out of hand that a total of 1,000 gal- 
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BOD determinations of samples from the sewage treatment plant 


taken before and after application of "R.S.C." 


uring 1959. 


(All BOD values expressed in parts per million) 


Date of 
Sample 


June 3, 1959 
June 5, 1959 


BOD of 


305 
330 


Filter treated with 
"R.S.C." June 8, 1959 
June 10, 1959 

June 12, 1959 


Filter Areated with 
"RSC." June 16, 1959 
June 17, 1959 

June 19, 1959 


Filter treated with "R.S.C." 
June 23, and July 13, 1959 
July 15, 1959 
July 17, 1959 
July 22, 1959 


Filter treated with 
"R.S.C." July 24, 1959 
July 24, 1959 
July 29, 1959 
July 31, 1959 
Aug. 5, 1959 
Aug. 26, 1959 
Aug. 28, 1959 
Sept. 9, 1959 
Sept. 23, 1959 
Sept. 30, 1959 
Oct. 2, 1959 
Oct. 9, 1959 


260 
340 
290 
310 
200 
220 
270 
350 
360 


These values show that dosing the filter with 
removal capacity of the trickling filter. 


Raw Sewage 


BOD of BOD of 
Primary Effiuent Final Effluent 
160 40 
180 45 


110 10 
90 8 
120 18 
190 24 
150 18 
180 12 
100 10 
130 17 
180 17 
230 i 
140 12 


“R.S.C." had no adverse effect on the BOD 





lons of fuel oil were sprayed on the 
filter beds in an attempt to control the 
psychodae. The fuel oil killed both 
adults and larvae but it also killed 
all biological life on the filter and a 
“dead” filter plant resulted. 


Available Insecticides Ineffective 


In 1954, an emulsifiable concentrate 
of paradichlorobenzene was used in 
an effort to control the filter flies and 
the objectionable odors that were 
emanating from the filter beds. This 
treatment was started on April 12, 
1954, and continued until July 9, 
1954. The results were very poor, so 
that, on June 9, it was necessary to 
flood both filter beds, skim off the 
larvae and pupae and burn them. 
During the 1955 season, filter flies 
were satisfactorily controlled by 
spraying the beds with a 1 :50 dilution 
of an emulsifiable Malathion concen- 
trate (55% active). In 1956, how- 
ever, the results obtained using Ma- 
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lathion as a psychoda control agent 
became noticeably poorer and towards 
the end of the season Malathion was 
ineffective in controlling filter flies. 

In the early part of the 1957 season, 
the filter fly problem again assumed 
great proportions. Only a moderate 


VIEW OF rectangular trickling filter. 
Nozzles are shown in operation. Cir- 
culation filter is in background. 


degree of control was achieved by 
spraying with Malathion once a week 
from April 26, through July 12, al- 
though the concentration of Ma- 
lathion was increased 100%. The fil- 
ters were flooded on July 16, but the 
problem still remained after flood- 
ing. On July 17, the filters were 
sprayed with a combination of Ma- 
lathion and 2-4 dichlorphenoxyacetic 
acid, butyl ester. This proved ineffec- 
tive and the same spraying was re- 
peated on July 18. From July 19, 
through September 20, sprayings 
were made at weekly intervals using 
Malathion in combinations with Lin- 
dane and other insecticides, but these 
sprayings did not control the filter 
fly population. The same situation 
prevailed during the early part of the 
1958 season. 

Hence it was demonstrated that 
from 1953 through June 1958, the 
filter flies infesting the premises of 
the Salt Creek Sanitary District 
Sewage Treatment Plant became re- 
sistant to the following insecticides 
and various combinations thereof: 
DDT, Chlordane, Lindane, Malath- 
ion, Dieldrin, Paradichlorobenzene, 
and 2-4 dichlorphenoxyacetic acid, 
butyl ester. 


Experiments Continue 

In July 1958, the waste treatment 
plant was divided into two parts. The 
rectangular filter bed was sprayed 
with an_ insecticidal formulation 
known as “R.S.C.”* containing DDT 
as the chief insecticidal ingredient in 
combination with specially formu- 
lated resistance inhibitors which made 
this formulation effective on hitherto 
resistant filter fly larvae, pupae, and 
adults. As a control the circular filter 
was sprayed with a formulation con- 
sisting of Malathion and Lindane in 
equal porportions. In each case, 4 gal- 
lons of insecticide diluted 1:50 with 
water were used. In the rectangular 
filter an immediate improvement was 
noticed. The adult filter flies were re- 
duced from 50 to 75% and in many 
locations the filter fly larvae were re- 
duced from 50 to 90%. The tubifex 
worms which hitherto were present 
in reduced numbers, began to re- 
establish themselves on the filter 
stones and the biological life in the 
filter bed was strengthened as was 
evident by the presence of a green- 


* Product of Glenn Chemical Co., Inc.. 
Chicago, Illinois 





ve 


DISTRIBUTOR arm operating on 120 
ft circular filter. 


as 


ish algeal growth on the surface of 
the stones. This improvement in the 
condition of the rectangular filter was 
apparent from July 9, the date of the 
first spraying until the end of the sea- 
son. The condition of the circular fil- 
ter showed no improvement. 

On July 13, 1958, the circular filter 
which, up until that time had been 
treated by spraying a mixture of Ma- 
lathion and Lindane, went out of con- 
trol due to a burned out motor. Dur- 
ing the 48 hours which elapsed while 
the damage to the motor was re- 
paired, the numbers of larve and flies 
in this filter attained astronomical 
proportions. The filter was then 
treated by spraying with 4 gallons of 
1:50 dilution of the new formula. 
The beneficial results of this treat- 
ment were immediately apparent. The 
adult filter flies were killed on con- 
tact and the number of larvae were 
greatly reduced to the point that three 
days after spraying there were 2 to 
3 larve per stone. The filter was sub- 
sequently treated by dosing, i.e., 
adding the insecticide to the sewage 
in the dosing chamber located in the 
primary tank and spraying it onto 
the filter bed through the rotary arm. 
Treatment of the circular filter by 
dosing was continued at weekly or 
bi-weekly intervals through Sep- 
tember 26, with uniformly excellent 
results. A check on October 13, re- 
vealed a maximum of 5 larvae per 
stone which attested to the fact that 
an excellent degree of control was 
achieved by dosing the circular filter 
with the new insecticide. 

A ‘comment on the spraying and 
dosing procedure is in order. Each 
time the filter was sprayed or dosed 
normal operations were not resumed 


for a period of 30 to 60 minutes after 
treatment. This waiting interval was 
necessary to allow a sufficient time 
for the larval kill and to saturate the 
filter stones thoroughly with toxi- 
cant. 


Filter Flies Controlled 


The heavy infestation of the prem- 
ises, excluding the filters, with psy- 
chodae, which was very evident in 
previous years, was absent during the 
1958 season after treatment of the 
filter beds had been started with the 
formula. The adult filter flies pres- 
ent after treatment had no inclina- 
tion to leave the filter stones and 
hence, did not infest the surrounding 
premises. In general, one may say 
that the degree of filter fly control 
achieved since the initiation of the 
treatment program was the best that 
had ever been achieved in the re- 
corded history of the Salt Creek Sani- 
tary District Sewage Treatment 
Plant. 

Since the formula was used at our 
plant during the 1958 season in the 
successful control of psychoda flies 
which had developed an immunity to 
many commonly used insecticides, we 
were interested in knowing whether 
psychoda flies and larvae would be- 
come immune to it during the 1959 
season. 

Construction work for our plant ex- 
pansion was started in December 
1958, and was not completed until 
August 1959. The control of psy- 
choda flies during the spring and 
summer of 1959, became very im- 
portant since a serious fly nuisance 
would markedly lower the efficiency 
and morale of the construction work- 
ers in the performance of their tasks. 

Filter flies were controlled during 
the 1959 season by dosing the circular 
filter through the rotary distributor 
after pouring the special formula- 
tion into the primary effuent (Fig. 
4). Treatment was begun on June 9, 
1959, and the results were truly 
astonishing. Our last dosing was 
completed on July 24, 1959, and thru 
October 15, 1959, there were very 
few flies seen on the premises. 
Whereas, formerly (prior to 1958) a 
count of 400 larvae per rock was 
usual during the spring and summer 
months, we were hard put to find 
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one larval rock, during the 1959 sea- 
son. This condition has resulted in an 
abundant algal growth on the filter 
stones and an increased filter efficien- 
cy. 

It is evident, therefore, that to date, 
psychoda larvae and adults have not 
developed an immunity through two 
consecutive seasons of the special ap- 
plication. 

It is gratifying to say that the mor- 
ale of the plant personnel was at a 
higher level in 1959 than at any time 
during the past seven years due to 
the virtual elimination of the filter 
fly nuisance. 


Filter Efficiency 

An important consideration in the 
use of an insecticide to reduce the fil- 
ter fly population in a trickling filter 
is the possible adverse effects of the 
insecticide on filter efficiency. There 
have been fears expressed in various 
quarters that the application of an 
insecticide to the filter stones would 
reduce or seriously impair the ability 
of the filter to effect a marked BOD 
reduction of the primary effluent. To 
resolve this question a detailed study 
of BOD reductions before and after 
treatment of the trickling filters dur- 
ing the 1959 season was undertaken. 
The table summarizes results during 
the 1959 season. 


4 - 
a ES 


AUTHOR and 


helper shown dosing 
primary effluent with special formula 
insecticide. 
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APPLICATION of the PRINCIPLES of 
BIOLOGICAL ENGINEERING to ACTIVATED 
SLUDGE TREATMENT* 


by H. R. ZABLATZKY, M. S. CORNISH, and J. K. ADAMS 


Chief Operator, Chemist, and Superintendent, Bergen County Sewer Authority, Little Ferry, N. J. 


he Bergen County Sewer Author- 

ity is currently planning a major 
extension of its collection system 
which will serve 15 additional munici- 
palities in Bergen County, New Jer- 
sey. The anticipated increase in flow, 
approximately equal to the present 
flow, will necessitate additions to the 
existing treatment facilities at Little 
Ferry. Consideration has been given 
to the introduction of high-rate bio- 
logical treatment in order to keep con- 
struction costs to a minimum. 


Plant Description 

The plant as designed is a 20-mgd 
activated sludge plant employing sepa- 
rate sludge digestion. Six aeration 
units, each having a capacity of slight- 
ly over 1 mil gal follow the primary 
settling tanks. Each aeration tank is 
of the single-pass type and 300 ft 
long; with step parts 6-, 103-, and 
200-ft from the influent end of the 
tank. Each tank is a separate unit ex- 
cept for an air header common to each 
pair of tanks. The aeration units are 
followed by four rectangular settling 
tanks. Figure 1 shows the plant lay- 
out. 

In order to utilize a high-rate proc- 
ess and achieve a high removal of 
BOD and suspended solids, it is nec- 
essary to limit the time during which 
the microorganisms responsible for 
purification are in contact with the 
substrate. 

According to Phelps (1) and oth- 
ers (2), the rapid clarification of sew- 
age by activated sludge is possible if 
some type of reactivation is utilized. A 
study of the works of some of the 
leading investigators in the field of 


Presented at the 43rd Annual Meeting, 
New Jersey Sewage and Industrial Wastes 
Assn., Atlantic City, N. J. Reprinted from 
the FSIWA Journal, Vol. 31, No. 11. 
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sewage and industrial wastes suggest- 
ed the possibility that the present 
process might be converted to a high- 
rate process with a minimum of equip- 
ment alteration or replacement. 


Laboratory Development of the 
Process 

To determine the amount of BOD 
which can be removed with respect to 
time, a mixed liquor of primary efflu- 
ent and return sludge was prepared 
and aerated. The BOD of the super- 
natant was determined at the intervals 
shown in Figure 2. It is readily ob- 
served that suitable BOD reduction 
can be effected after a short contact 
period. 


shown in Figure 4 as were the oxygen 
requirements for the synthesis of BOD 
to bacterial cells. The degree of oxy- 
gen utilization for endogenous respira- 
tion of the microorganisms can also be 
derived from this curve (4). 


Hoover and Porges (5) define en- 
dogenous respiration as the oxidation 
of the microorganisms’ own tissue for 
energy. It is analogous to basal me- 
tabolism in humans. From the litera- 
ture (5) (6) (7), it apears that the 
oxygen requirements of an activated 
sludge process are based chiefly on: 
(a) the oxygen needed for microbial 
respiration ; and (b) the oxygen need- 
ed for oxidizing and synthesizing 
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FIGURE |.—Layout of aeration tanks. 


Oxygen requirements and the time 
required for sludge stabilization had 
to be determined. This was done by 
recording the oxygen uptake and plot- 
ting it against aeration time as shown 
in Figure 3. It is believed that oxy- 
gen requirements for biological aera- 
tion systems can be developed from 
experiments of this nature. Ecken- 
felder’s (3) concepts were used to 
compute required air rates, and a 
value of 5 per cent was used for the 
oxygen transfer efficiency. 

The proportion of directly oxidiz- 
able BOD was derived from the curve 





BOD to more stable compounds, Be- 
cause of the synthesis of the BOD into 
cellular structure, it would appear to 
be erroneous to base aeration opera- 
tion on balancing incoming suspended 
solids with the weight of excess 
sludge. 

BOD can be in a liquid or solid 
form. Removal of BOD in the liquid 
form may require a longer contact 
with the mixed liquor or a greater 
“sludge” concentration than does the 
BOD in the colloidal form. The BOD 
in this latter form may be removed 
quickly from the surrounding solution 
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FIGURE 2.—Infi time on BOD. 


by the zoogleal masses moving 
through the solution like a lace filter. 
Once these solids have adhered to the 
matrix, however, stabilization may 
take longer than that necessary for 
stabilization of liquid-form BOD. 
Note that a distinction was made be- 
tween mixed-liquor time and sludge 
stabilization time. 

The theoretical maximum load 
which can be applied to the process 
at any one time can be computed by 
using the formulations of Eckenfelder 
and O’Connor (7), and Haseltine (8) 
has shown that a definite relationship 
exists between BOD loads and solids 
under aeration. Figure 5 shows the 
relationship between the fraction of 
BOD removed and the weight of BOD 
applied per pound of sludge under 
aeration. McKinney ef al. (9) point 
out the value of food, solids, and time 
relationships in the activated sludge 
process. 

Considering the relationships al- 
ready described, it seemed possible to 
establish a “contact-stabilization’’ 
process. Final laboratory work was 
undertaken to establish a self-digestion 
rate for the microorganisms. The re- 
sults of this investigation are illus- 


trated in Figure 6. 





LBS. Op UPTAKE / HOUR/1000 LBS ACTIVATED SLUDGE 


All dissolved oxygen measurements 
were made with a polarograph using 
a dropping-mercury electrode (10). 
Dissolved oxygen uptakes were also 
determined with the polarograph 
(11). 


Plant-Scale Application of Data 

The laboratory results appeared 
promising. However, it was decided 
that the mixed-liquor time should be 
reduced gradually to allow for the dif- 
ference between laboratory and plant- 
scale operation. 

A stabilization period with a suffi- 
cient quantity of dissolved oxygen was 
needed. Fortunately, the origitial 
plant design made it possible to use 
the first aeration tank for this purpose. 
Aerators 2, 3, 4, and 5 were used as 
mixed-liquor tanks and a gradual re- 
duction of mixed-liquor time was 
started. The reduction continued with 
excellent results until only one mixed- 
liquor tank and one stabilization tank 
were in service. Process efficiency 
dropped at this time. Investigation 
of this decline showed that insufficient 
air was being supplied at various 
points. After diffusers were thor- 
oughly cleaned, the efficiency increased 
to a satisfactory range. 

In order to determine the detention 
times at which the process would fail, 
all primary effluent was discharged at 
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ONVGEN UPTAKE «11 BOD REMOVED + OXYGEN FOR RESPIRATION 
— + —+—— -———____ + ———__+ -—_ 


LBS 0, UPTAKE/ HOUR / 1000 LBS ACTIVATED SLUDGE 


as 


FIGURE 4.—Relationship of oxygen uptake to 
BOD removal, 


the 200-ft inlet port. This allowed one 
and two-thirds aerators for stabiliza- 
tion and one-third of an aerator for 
mixed liquor. After a short period of 
satisfactory results, one stabilizer 
tank was removed from service leav- 
ing only one-third of an aerator for 
mixed liquor and two-thirds of an 
aerator for stabilization. A month 
passed and the performance began to 
decline and air pressures began to 
build up to abnormal levels. The BOD 
applied during this period was at an 
average rate of 98.1 Ib/1000 cu ft 
of total aeration tank capacity or 
294.3 1b/1,000 cu ft of mixed-liquor 
capacity. The mixed liquor detention 
time was 0.36 hr with a stabilization 
time of 2.23 hr. In reviewing the de- 





Table | 
Plant Operation Data 





Air Use 
(cu ft/lb of Mixed Liquor 
BOD Aeration 


removed) (hr) 


Sludge 
Stabilization 
Period of mixed 


BOD 
Loading 
(Ib/day/ 

1,000 cu 


BOO 
Loading 
(ib/day/ 
1,000 cw ft 
of ati 





(hr) liquor) - capacity) 





1956° 
1956° 
1956° 
1956 
1956 
1956 
1956 
. 1956 
. 1956 
1956 
1956 
1956 
1957 
1957 
1957 
1957 
1957 
1957 
1957 
1957 
. 1957 
1957 
1957 
1957 


918 

970 
1,083 
1,344 
1,305 
1429 
1,560 
1,307 
1,462 

839 
1,429 
1,177 

940 
1,100 
1,095 
1,225 
1,390 
1,930 
1,280 
1,560 
1,030 
1,185 
1,160 

946 


44 
85 
72 


nde te ed ee 
SSSISASELsSsS 


PEs 


Jt tee dyin 
Sehsese 


2.76 
2.30 
2.07 
4.68 
3.49 
5.39 
5.51 

5.16 
5.06 
5.06 
4.43 
5.06 
4.97 
2.82 

3.76 
3.54 

4.52 

4.43 

4.68 
4.14 
3.82 
3.60 
3.36 
3.14 


324.0 
136.3 
159.0 
90.4 
79.3 
73.2 
68.6 
79.8 
71.9 
89.9 
75.0 
88.1 
114.9 
94.7 
101.6 
99.0 
87.3 
77.4 
71.4 
57.9 
79.0 
80.3 
82.9 
98.0 


111g 

112.7 

106.4 
45.2 
39.7 
36.6 
34.3 
39.9 
35.9 
49.9 
37.5 
44.) 
57.5 
47.4 
50.8 
49.5 
43.7 
38.8 
35.7 
29.0 
39.5 
40.2 
41.5 
49.0 


94.0 
95.0 
94.4 
93.9 





* In months denoted by arterisk, aeration was carried on in one tank; 2/3 of tank for stabiliza- 


tion and 1/3 for mixed liquor. In all other months one tank was used for stabilization and one for 
mixed liquor. 


FIGURE 3.—influence of aeration time on oxy- 
gen uptake. 
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gradation, it appeared that the load 
factors were out of balance. This was 
caused by the inability of the original 
design to provide sufficient air to sup- 
port the high rate of oxygen utiliza- 
tion under the greater microbial con- 
centrations and BOD loads per unit 
volume. Air diffusers appears to be 
externally clogged by biological 
slimes. It should be stated that air 
rates exceeded the equipment manu- 
facturer’s recommendation. This fail- 
ure spawned the thought that other 
types of oxygen-dispersion units 
might be more suitable for this type 
of treatment. 

Upon returning the system to a 
one -stabilizer-tank - and-one-mixed 
liquor-tank operation, the efficiency of 
the system again began to improve. 
Sludge bulking, at all times, was held 
to a minimum, but floating solids in 
the final settling tanks caused occa- 
sional problems. Provision of skim- 
ming devices in these tanks would un- 
doubtedly overcome this difficulty. 

The results for another run in the 
first quarter of 1956 using one-third 
of an aerator for mixed liquor and 
two-thirds of an aerator for stabiliza- 
tion are tabulated in Table I. Almost 
identical problems were encountered 
in regard to air difficulties. 

Table I also lists plant results ob- 
tained over a 21-month period during 
which the contact-stabilization process 
was employed by using two tanks, one 
for stabilization and one for mixed 
liquor. 

It should be noted here that the air- 
supply per pound of BOD removed 
may appear to be somewhat high. This 
indication of excessive air use can 
be explained by (a) the inability of 
the diesel-driven air compressors to 
deliver air in small enough quantities 
during periods of low oxygen de- 
mand, (b) the loss of air through leak- 


o 


FIGURE 6.—infivence of aeration time on vola- 
tile solids reduction. 


W.&S.W.—REFERENCE NuUMBER—1960 


LBS. BOO APPLIED/LBS 


FIGURE 5.—Relationship of BOD aplied to BOD 
removed. 


age in the underground piping sys- 
tem, and (c) the use of air for other 
purposes. 

To establish the distribution of the 
oxygen-consuming load in the aera- 
tion system, Figure 7 was developed 
from tests made during actual opera- 
tion. The stability of the sludge at any 
point in the system may be ascertained 
by means of this graph. 

In an attempt to confirm experi- 
mental concepts (Figure 4) with re- 
spect to plant operation, Figure 8 was 
developed from the operating data. 
This plot shows the order of magni- 
tude for the fraction of BOD that is 
synthesizable and includes an approx- 
imate figure for the endogenous respi- 
ration rate (4). The f factor of 73 
per cent as derived from the curve in 
Figure 8 plus the f factor of 25 per 
cent as derived from Figure 4 should 
theoretically total 100 (4). The re- 
sults are unusually close considering 
the errors that are possible in cor- 
relating theory, laboratory data, and 
plant operation data. Others in the 
waste field have also derived sludge 
growth constants (5) (7) (12) (13). 

Figure 9 shows typical ammonia, 
nitrite, and nitrate curves which give 
an indication of the stage of the oxi- 
dation process during various phases 
of aeration. 


It is of interest to report that prior 
to adopting the operating procedures 
described herein, frothing in the aera- 
tion tanks had created costly operat- 
ing problems. Once the contact-stabi- 
lization process had been established, 
frothing ceased to be a problem. In 
this respect, Hood’s (14, 15) expla- 
nation of the causes of frothing, which 
attributes frothing largely to the spe- 
cific stages of oxidation in a system, 
is brought to mind. 


Summary and Conclusions 

1. The contact-stabilization method 
of activated sludge treatment appears 
to offer a satisfactory and economical 
solution to the problem of providing 
future plant facilities by the Bergen 
County Sewer Authority. 

2. Oxygen requirements, stabiliza- 
tion time, mixed-liquor contact time, 
and load factors were obtained from 
experiments. Based on the factors 
thus derived, plant operation of the 
process was begun and continued over 
a period of two years. Detention times 
for sludge stabilization and mixed-liq- 
uor contact were varied to establish 
failure levels and peak efficiencies. 

3. The efficacy of the process is 
largely dependent on the effectiveness 
of the stabilization process, tempera- 
ture of the sewage, and uniformity of 
incoming BOD and suspended solids. 
High efficiency has been obtained by 
its utilization. Shock loads of indus- 
trial wastes have had little, or only 
brief, effect on the process. The ex- 
ception to this was one failure where 
BOD removals dropped to about 70 
per cent. This degradation occurred 
during a prolonged period of heavy 
industrial-waste loading when win- 
ter temperatures ranged from 7 to 
10°C. 

4. Frothing, which developed under 
standard aeration and required appli- 
cation of defoaming agents for con- 
trol, was reduced to negligible 
amounts under the contact-stabiliza- 
tion process. 

5. Based on an average flow of 14 
mgd over the period during which the 
process was employed, it apears that 
the present aeration tank capacities 
are sufficient to treat at least 56 mgd, 
or twice what would normally be con- 
sidered adequate under standard aera- 
tion. With improved dispersion units 
and sufficient air supply it is likely 
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that even larger flows may be treated 
efficiently with the existing units. 
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M & H VALVE AND FITTINGS COMPANY 


ANNISTON, ALABAMA 


(Subsidiary of Walworth) 


(tp) 
sd 


Gate Valve ate Valve 


M & H VALVES AND FIRE HYDRANTS 


M & H A.W.W.A. Gate Valves are furnished double 
disc parallel seat, or solid wedge, iron body, bronze 
mounted, non-rising stem, or outside screw and yoke. 
Available spur or bevel geared and with enclosed 
grease case, also hydraulically or electrically oper- 
ated. Sizes 2” to 42”. Low Pressure and High Pres- 
sure Valves and Square Bottom Valves are an estab- 
lished part of the M & H line. 

M & H Compression Type Hydrants conform to 
latest specifications of the American Water Works 
Association. They are available either in standard, 
flush type or traffic models. Hydrants with 544” and 
6%” valve opening are listed and approved by "Under- 
writers Laboratories of Chicago and Associated Fac- 
tory Mutuals of Boston and A.W.W.A. Hydrants 
with 444” and 4%4” valve opening are A.W.W.A. 
approved only. 

Outstanding features include dry top, easy to lubri- 
cate, revolving head. Can be lengthened and work- 

ing parts completely removed without 
digging up hydrant. 


Spring Cheek Valve 
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Telphone ADams 7-3521 


Write For 
Catalog 52 


Low Pressure Gate 
Valve Non-Rising Stem 


FILTER PLANTS & SEWAGE PLANTS 


Hydraulically and electrically operated M & H 
Valves are used in sewage treatment plants, water 
works, filter plants, etc., to save time and labor since 
these valves can be operated by remote control for 
quick, easy closing or opening. They are also used 
as emergency valves to admit high water pressures 
into the mains in case of fire. Sizes 2” to 42” 
A.W.W.A. 

M & H Flap Valves and Shear Gates are iron body, 
bronze mounted, used in Filtration and Sewage Dis- 
posal Plants. 


FIRE PROTECTION 


M & H makes a complete line of indicator posts and 
underground pipe fittings for fire protection water 
systems, 


END CONNECTIONS 


M & H Valves and Hydrants are available with Me- 
chanical Joint ends, hub ends, flanged, Ring-Tite, 
Fluid-Tite and Universal ends. 


The Sign of Quality 


The letters M & H are the sign of quality on Valves, 
Hydrants and Pipe Line accessories. High quality 
materials, simplicity of design and expert workman- 
ship have established for M & H enviable reputation 
for dependable service in the water works and sewage 
fields and for industrial uses. M & H products are 
modern in design, with many exclusive M & H 
features. 





Complete Mixing of Activated Sludge 


by ROSS E. McKINNEY 


Assoc. Prof. of Sanitary Engineering, Mass. Inst. of Technology, Cambridge, Mass. 


@ ONE OF THE most interesting modi- 
fications of the activated sludge proc- 
ess is complete mixing. It is not a 
new process but it has only been re- 
cently that the complete mixing con- 
cept has received the attention it has 
long deserved. The need for small 
treatment plants to handle domestic 
sewage from subdivisions and indus- 
tries as well as strong industrial 
wastes has served as the impetus in 
the full development of the complete 
mixing process. 


Complete Mixing 

Complete mixing is a basic process 
in which the incoming wastes are 
completely mixed with the entire con- 
tents of the aeration tank. There are 
many different modifications of the 
basic process involving endogenous 
respiration with combination aera- 
tion-sedimentation units or separate 
aeration tanks and sedimentation 
tanks and varying rates of synthesis. 
All of these modifications fall within 
the general concepts of the basic pro- 
cess thus greatly simplifying the en- 
gineering and operations. 


In order to obtain complete mixing 
in the aeration tank it is necessary to 
introduce the incoming wastes into a 
relatively small tank volume with 
violent agitation so that the time for 
complete dispersion is a minimum. 
Normally, the agitation is supplied 
by aeration. In small tanks the wastes 
can be introduced at a single point 
but in large tanks multiple inlets will 
be required. 

The key to complete mixing is the 
fact that the aeration tank acts as a 
surge tank and tends to level out the 
wide fluctuations in the organic load. 
The use of the entire mass of the 
activated sludge to stabilize the or- 
ganic load distributes the load uni- 
formly over the entire aeration tank 
and permits better utilization of the 
air blown ino the mixed liquor. 


Effluent Quality 

The desired effluent quality deter- 
mines the size of the complete mixing 
system. It is possible to produce an 
effluent of any desired organic level 
from wastes of any organic strength, 


An effluent of 15 mg/l BOD can 
be produced from wastes having 100, 
1000 or even 10,000 mg/l BOD. 
This high quality effluent can be pro- 
duced in a system with minimum ex- 
cess sludge production or with a 
large excess sludge production. 

The effluent BOD is made up 
of two components, the soluble BOD 
and the suspended BOD. The sol- 
uble BOD is a function of the total 
organic load within certain ranges of 
mixed liquor suspended solids (ML- 
SS) concentrations. The suspended 
BOD is a function of the sedimen- 
tation tank efficiency. 


Microbial Activity 


The stabilization of organic matter 
in any biological waste treatment 
system is brought about by the bio- 
chemical activities of the microorgan- 
isms in the system. Thus the bacteria 
are primarily responsible for the 
stabilization of the organic matter in 
activated sludge systems. It has been 
shown that the bacteria remove or- 
ganic matter from wastes in order 
that they might obtain sufficient en- 
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ergy to remain alive, to produce new 
cells and to obtain the chemical com- 
ponents for the new cells. The wastes 
must supply both the energy and the 
building blocks for these new cells. 
A deficiency in either element will 
result in reduced microbial activity 
and hence reduced stabilization. For 
the purpose of this paper it is as- 
sumed that the wastes are all nutri- 
tionally balanced. 

One of the most important aspects 
of biological metabolism is that there 
is a definite quantitative relationship 
between the organic protoplasm pro- 
duced and the energy expended in 
its production together with the or- 
ganic matter removed from solution. 
If a few bacteria were placed into a 
rich nutrient solution, the bacteria 
would begin to grow at a rapid rate. 
If the mathematical function of 
growth were determined, it would be 
found to approach a log growth rate. 
The bacteria growth is limited only 
by the microorganisms ability to re- 
produce. Food is definitely unlimited. 
Examination of the growth of bac- 
teria in the log growth rate has 
shown that the bacteria convert ap- 
proximately 67 per cent of the ulti- 
mate BOD removed into protoplasm 
while oxidizing 33 per cent of the 
ultimate BOD removed to obtain the 
energy for the synthesis reactions. 

A point is eventually reached where 
the demands of the active micro- 
organisms exceed the food available 
and growth becomes limited by the 
lack of food. The rate of growth is 
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proportional to the available food 
per unit of microorganisms, This can 
best be expressed as a food: micro 
organism ratio (F:M). Data on pure 
cultures has shown that log growth 
rate ceases when the F:M ratio drops 
below 5.0. As the F:M ratio de- 
creases, a point is eventually reached 
where there is just enough food pre- 
sent to keep the microorganisms 
alive without the production of ad- 
ditional protoplasm. This is the so- 
called endogenous metabolism. A 
further drop in food level results in 
autodigestion of the protoplasm to 
furnish the necessary energy. Thus, 
a drop in food gives a corresponding 
drop in microorganisms. The F:M 
ratio actually remains constant at 0.45 

It is immediately apparent that the 
rate of excess sludge production in 
the complete mixing system will be 
dependent upon the F:M ratio. A 
high F:M ratio will result in a large 
excess sludge problem while a low 
F:M ratio will result in a minimum 
of excess sludge. A plot of the oxi- 
dation-synthesis relationships for 
varying F :M ratios is shown in Fig 1. 
One of the most important aspects 
of this diagram is the fact that the 
synthesis drops from a maximum at 
log growth to a minimum at endog- 
enous metabolism. It can be seen that 
there is some synthesis in endogenous 
metabolism even though there should 
be no synthesis. The synthesis of 
active protoplasm reaches zero in 
the endogenous phase but there is the 
production of an inert polysaccharide 


material which builds up mass in the 
sludge without affecting the biologi- 
cal activity. The production of the 
inert polysaccharide is the reason 
why it is theoretically impossible to 
have an activated sludge system op- 
erating in endogenous metabolism 
with no sludge build-up. All so-called 
complete oxidation systems result in 
some build-up of inert organic matter 
which must either be removed or 
discharged in the effluent. 


Flocculation 


In order for an activated sludge 
system to operate continuously at any 
level of efficiency, it is necessary 
for the sludge to flocculate well and 
to settle quickly in the sedimentation 
tank. In most biological treatment 
systems the effluent BOD is di- 
rectly related to the efficiency of the 
final sedimentation tank. Good sus- 
pended solids removals will produce 
effluents of low BOD. 

It has been shown in previous re- 
search that flocculation of activated 
sludge is related to the energy level 
of the microorganisms as they enter 
the sedimentation tank. A high resi- 
dual organic level will result in poor 
flocculation and hence poor sedimen- 
tation. On the other hand, a low resi- 
dual organic level will yield good 
flocculation and a clear effluent with 
efficient sedimentation. When acti- 
vated sludge is young and growing 
rapidly, flocculation is related to the 
F :M ratio. Bacteria in the log growth 
phase will not flocculate or settle but 
as the F:M ratio decreases, floccula- 
tion increases until complete floccu- 
lation occurs in the endogenous phase. 
Once activated sludge has formed, 
there is a residual of inert floc 
which acts as a flocculating agent 
even though the F:M ratio might 
rise to 4 or 5. Flocculation is related 
at these high F:M ratios to the actual 
organic concentration surrounding 
the dispersed microorganisms. A 
BOD level of 10 mg/1 will produce 
good flocculation regardless of the 
F:M ratio as long as the MLSS 
concentration exceeds 500 mg/I. 
As the BOD level rises to 25 mg/1, 
bacterial dispersion increases slightly 
above normal. A BOD of 50 mg/1 
will cause the effluent suspended 
solids to rise to 50 mg/1 regardless 
of the sedimentation tank efficiency. 
A BOD of 100 mg/1 will yield an 
effluent with between 100 and 150 
mg/l suspended solids. 





Total Oxidation 


Most sedimentation tanks will 
yield effluents containing between 20 
and 25 mg/l volatile suspended 
solids when operating at maximum 
efficiency. With the total oxidation 
modification of the complete mixing 
process loss of 10 to 25 mg/1 solids 
is very important in the solids con- 
trol. Operation of the complete oxi- 
dation systems in the endogenous 
phase yields a sludge growth of 
approximately 11 per cent of the 
5 day BOD removed. An effluent 
with 25 mg/1 suspended solids would 
be in equilibrium if 240 mg/1 5 day 
BOD were being removed from the 
wastes. A waste with less than 240 
mg/1 5 day BOD would lose solids 
until the F:M ratio increased to the 
point where synthesis equaled the 
solids being lost. A waste with more 
than 240 mg/l would yield an in- 
crease in solids greater than that be- 
ing lost in the effluent. Eventually, 
such a system would fill up complete- 
ly with sludge and the effluent sus- 
pended solids would increase unless 
solids were removed from the aera- 
tion tank. 

The addition of inert suspended 
solids such as occur in domestic sew- 
age and some industrial wastes will 
have a definite effect on the solids 
balance. If 25 mg/l or more inert 
volatile organic suspended solids are 
added in the influent, these inert 
solids must either be discharged in 
the effluent or removed from the 
aeration tank at periodic intervals. 

One of the prime bases for design 
of complete mixing activated sludge 
systems operating on the total oxida- 
tion principle has been 24 hours’ aer- 
ation. The use of 24 hours’ aeration 
is not a rational design concept any- 
more than 20 hours’ aeration or 40 
hours’ aeration. Design of total oxi- 
dation units should be related to the 
strength of the wastes and not to an 
arbitrary aeration period. Total oxi- 
dation units preclude that the system 
will be operating in the endogenous 
phase which means an F:M ratio of 
0.45. For any F loading, M is auto- 
matically determined. If the wastes 
contain 250 mg/l 5 day BOD the 
MLSS would be 810 mg/1 if the 
aeration period were 24 hours; 1620 
mg/1 with 12 hours’ aeration; 3240 
mg/1 with 6 hours and 6480 mg/1 
with 3 hours’ aeration. It can be 
seen that the organic loading in terms 
of pounds 5 day BOD/1000 cu ft 
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FIG. 2. PREDICTED EFFLUENT QUALITY at various organic loadings of several 
complete mixing activated sludge systems 


aeration capacity/day would be 15, 
30, 60 and 120 respectively. It ap- 
pears possible to maintain a system 
in endogenous metabolism as long as 
the organic load does not exceed 40 
pounds 5 day BOD/1000 cu ft/day. 
At this loading it would be necessary 


to maintain 2160 mg/1 active MLSS 
which would require a system cap- 
able of handling apporximately 3200 
mg/1 total MLSS. The effluent from 
such a system would contain approx- 
imately 9.0 pounds volatile solids/ 
1000 cu ft aeration capacity/day. If 
the wastes were retained for 24 hours, 
the influent would have contained 
670 mg/l 5 day BOD and the ef- 
fluent would have contained 150 
mg/l volatile suspended solids. A 
12 hour retention period at 40 pounds 
loading would have had 335 mg/l1 
5 day BOD and an effluent with 75 
mg/l volatile suspended solids. A 6 
hour aeration period would have an 
influent BOD of 168 mg/l and an 
effluent with 38 mg/1 volatile sus- 
pended solids. The 5 day BOD of 
the effluent from these units would 
be approximately 52, 26, 13 and 7 
mg/1 respectively. 

If the wastes had a 5 day BOD of 
168 mg/l and were treated for 24 
hours in the aeration tank instead of 
6 hours’ aeration as in the previous 
section, the organic loading would be 
10 pounds 5 day BOD/1000 cu ft 
/day. The effluent would contain 1.8 
pounds volatile suspended solids 
which would yield a concentration of 


30 mg/l and a 5 day BOD of 13 
mg/l. It is immediately obvious that 
the effluent quality for 6 hours’ aer- 
ation is only slightly higher than for 
24 hours’ aeration. A system designed 
on the basis of 24 hours’ aeration 
would in effect be overdesigned by 
18 hours. 


Intermittent Flow 


The previous analyses were made 
on the basis that the wastes were 
added continuously 24 hours a day, 
7 days a week. Many waste flows 
are not continuous and often the or- 
ganic load is not uniform. With indus- 
trial wastes it is often possible to 
discharge the wastes to a surge tank 
and to feed the waste treatment plant 
at a uniform rate on a continuous 
basis. With domestic sewage from 
small industrial buildings, motels, etc., 
it is possible to add an aerated surge 
tank ahead of the aeration unit to 
level out waste flows and waste 
strength. Economics determine the 
validity of surge tanks to reduce the 
size of the treatment plant. 

If it is not possible to have uniform 
flow, the treatment plant must be 
designed on the basis of the load ar- 
riving and not on the average daily 
load. Because of the complete mixing 
systems leveling action it is possible 
to make the design of the basis of 
the maximum hourly load. Consider 
an industrial building operating on 
a single 8 hour shift, 6 days a week. 
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Cities and industries of all sizes have used PFT equipment 
and processes for effective waste treatment since 1893, 
Whether extending capacities, converting to newer methods 
or installing new systems, PFT equipment is economically 
adaptable to existing structures. Suitable to all current waste 


Floating Covers —An integral part of “controlled” digestion, 
PFT Floating Covers provide positive scum submergence and 
safe utilization of gas. Operations are simplified because no 
fixed levels need be maintained. Covers simply rise or lower 
with additions and withdrawals. Available in different shapes 
and sizes for various tank requirements. Complete data on 
properly sized covers furnished on request. Submit the total 
digester volume required and number of digesters contemplated. 


Prefabricated Metal Roofing—This type of roofing pro- 
vides four distinct advantages over conventional wood types: 
(1) longer life, (2) more efficient insulation, (3) fewer main- 
tenance problems, (4) easier assembly and installation. Each 
prefabricated section is designed for close fitting in the field 
with a 3” lap of top metal covering at all joints. 
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treatment systems, PFT equipment ranges from the smallest 
siphon to the largest municipal installations. PFT stands 
squarely behind its products and provides expert field 
service as long as its equipment remains in use. 


Digester Heaters and Heat Exchangers —External heaters 
for digestion tanks allow complete accessibility in a compact 
unit of high thermal efficiency. Raw sludge or a mixture of raw 
and recirculated digester contents is heated as it passes through 
the unit. With external heating, the problems of heating coils 
within the tanks (caking, corrosion) are avoided. Cleaning and 
maintenance are simplified. Detailed drawings and estimated 
digester heating loads furnished on request. Submit the number 
of digesters, tank capacities and quantity of raw sludge. 


og ey 


Gas Safety Equipment_—A number of devices, each designed 
to perform its function in a gas utilization system with the 
greatest possible protection against explosive or burning mix- 
tures of sludge gas and air: flame traps, pressure reliefs, 
pressure reliefs combined with flame traps, flame cells, waste 
gas burners, drip taps, accumulators and manometers. 





Nitrified Sludge Interchange Process—A process of 
aerating waste activated sludge, utilizing the digester super- 
natant liquor to produce highly nitrified solids that: (1) 
During normal loads, produce sludge that settles more 
readily to provide greater purification. (2) During peak 
loads, provide a reserve of highly nitrified active solids 
which balance the increased load of organic matter. A truly 
“controlled” activated sludge process. 


Dual Aeration Process—A new method of introducing 
air into aeration tanks. Combined with the Nitrified Sludge 
Interchange Process, it provides: (1) Greater Stability of 
activated sludge treatment, (2) More efficient treatment of 
shock loads, (3) More efficient use of aeration tank capac- 
ity, (4) Lowered power requirements for air. 


Pearth Gas Recirculation System —An effective method of 
increasing dispersion and digestion of scum, allowing full 
effective use of total digester volume at all times. Designed 
as an integral part of the PFT Floating Cover, the Pearth 
system breaks up the scum and releases entrained gas by re- 
circulating digester gas and discharging below the scum level. 
Complete data on the Pearth Gas system on request. Submit 
digester volume, diameter and number of digestion tanks. 


Digester Accessories__The 


PFT Supernatant Selector, Gauge, 

Sight Glass and Sampler units 
provide automatic withdrawal of 
the best digester liquor at a slow, 
continuous rate. The PFT Cover 
Position Indicator reflects the 
slightest Floating Cover move- 
ment on a large dial in the Con- 
‘trol Room, showing digester 
liquid level at a glance. 

Rotary Distributors—Soundly engineered and ruggedly con- 

structed, PFT Distributors provide even distribution of settled 

sewage over the surface of a trickling filter. Specially designed ; 

spreader jets reduce clogging and are easily cleaned. For hy- exclusively since 1873 

draulic design of equipment, submit diameter of filter bed, 

total head available, maximum and minimum flows desired. 


waste treatment equipment 





Illustrated Bulletins—Detailed information on PFT 

equipment is available in a series of technical bulletins, fully 

illustrated with photographs and diagrams. Please specify a 2B 3 
the equipment in which you are interested. Address all in- 

quiries to Dept. RD, Pacific Flush Tank Company. 


Technical Studies Available —The following studies are available with- | PACIFIC FLUSH TANK CO. 
out charge: “Dual Aeration as a Rugged Activated Sludge Process” by 4241 Ravenswood Avenue 


L. S. Kraus: “Scum Control in Sludge Digestion” By R. E. Fuhrman: | Chicago 13, Illinois 
“Sludge Digestion” by H. E. Schlenz: “Controlled Humus Production” | 
by L. L. Langford. i 
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The domestic sewage flow arrives at 
the treatment plant over the 8 hour 
period and is quite strong, approxi- 
mately 500 mg/l 5 day BOD. The 
average daily organic load on the 
treatment plant is only 30 pounds 
BOD/1000 cu ft/day; but the actual 
load is 90 pounds BOD/1000 cu ft/ 
day over an 8 hour period and zero 
pounds BOD over the remaining 16 
hours. The microorganisms are go- 
ing to respond to the actual organic 
loading and will grow accordingly. 
The oxygen demand and synthesis 
rate will be governed by the F:M 
ratio at the 90 pounds BOD loading 
and at the zero pounds BOD. 

The microorganisms will grow 
more rapidly than if the load were un- 
iform since the addition of the food 
will result in an increase in the F:M 
ratio. The system will attempt to re- 
establish equilibrium but will not be 
able to do so since the food suddenly 
stops and starvation sets in for the 
16 hours without food. The micro- 
organisms will undergo endogenous 
respiration and decrease in active 
mass for the 16 hours until the or- 
ganic load starts again. One of the 
most important facts about endog- 
cuous metabolism is that cells fed 
continuously in the endogenous phase 
will produce less excess sludge than 
cells which are fed the same amount 
of food in a slug and allowed to 
starve for the same period. The net 
result is that the feed-starve cycle 
of intermittent operations results in 
more sludge for ultimate disposal than 
the continuously fed system. This is 
most important in any design. 

The effluent BOD concentration 
from the intermittent system and the 
continously fed system will be quite 
close on an average value. Anyone 
wanting to show better operations 
of the intermittently fed system can 
do so by the use of grab samples 
of the influent and effluent just 
after the wastes have started into 
the plant at the start of a_ feed 
cycle. The effluent will be at a 
minimum since the microorganisms 
have had 16 hours to utilize all of the 
available food and the influent 
strength will be a maximum. Con- 
trol authorities should always take 
their grab samples at the end of 
the feed cycle when the effluent 
quality is poorest. If the efflu- 
ent quality is satisfactory at the 
end of the feed cycle, it can be 
certain that the effluent quality was 
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satisfactory during the remainder of 
the operation period, barring extreme 
fluctuations in flow beyond design 
capacity. 


Final Sedimentation 


The key to the operation of any 
biological treatment system lies in 
the efficiency of the final sedimen- 
tation tank. The effect of the final 
sedimentation tank operation on the 
total oxidation modification of com- 
plete mixing has already been dis- 
cussed with regard to effluent qual- 
ity. There are two types of sedimen- 
tation tanks in use with complete mix- 
ing systems, the vertical flow and the 
horizontal flow. The vertical flow 
sedimentation tanks either introduce 
the flow upward from the bottom of 
the tank or downward from the top. 
In both cases the velocity of the flow 
into the tank is the most important 
factor in the design of the sedimenta- 
tion tank. The upward flow tank has 
been used primarily where the aera- 
tion tank and the sedimentation tank 
are built into a single unit. The 
upward flow tank must have a suf- 
ficiently high flow rate to keep the 
contents of the sedimentation tank al- 
ways turning over but not great 
enough to carry the sludge over the 
weir. The shape of the sedimenta- 
tion tank controls the hydraulic 
patterns as does the turbulance creat- 
ed by the aeration device. Gener- 
ally speaking, the hydraulic over- 
flow rate should be approximately 
500 gal/sq ft/day. With intermittent 
flows provision must be made to re- 
turn the sludge to the aeration tank 
to prevent septicity. If the sludge in 
the sedimentation tank should be- 
come septic, denitrification could re- 
sult with nitrogen gas lifting the 
sludge to the tank surface. The 
sludge carried to the sedimentation 
tank surface becomes quite concentrat- 
ed and can create a definite nuisance 
by either going out in the effluent 
or producing obnoxious odors. 

The downward flow sedimenta- 
tion tank must have an overflow 
rate below 500 gal/sq ft/day in 
tanks with a water depth of 8 ft or 
less and below 800 gal/sq ft/day in 
deeper tanks. The reason for the 
variation in flow rates lies in the fact 
that the flow of the mixed liquor 
entering the tanks will disturb the 
sludge which is being concentrated 
and removed just below the point 
of introduction of the mixed liquor. 


All of the downward flow sedimen- 
tation tanks use continuous return of 
sludge with either air lift or motor 
driven pumps. The rate of return 
must be great enough to handle the 
sludge as quickly as it settles. With 
total oxidation systems the MLSS 
concentrations reach 6000 mg/1 which 
requires sludge return rates of from 
100 to 200 per cent of the waste 
flow. With the high rate of sludge 
return care must be taken to use the 
hydraulic energy to help concentrate 
the sludge. 

Horizontal flow tanks do not have 
as much turbulence due to the intro- 
duction of the mixed liquor and can 
be designed with hydraulic overflow 
rates up to 800 gal/sq ft/day. With 
high flow rates density currents can 
be a problem and care should be 
exercised in design. 


High Synthesis 

Although most of the use of com- 
plete mixing has been with the total 
oxidation modification, it is well 
suited to high sludge synthesis. For 
a given food loading, synthesis can 
be stimulated merely by reducing 
the MLSS concentration. For wastes 
with low BOD concentrations it is 
possible to convert half of the or- 
ganic matter into sludge and_ still 
produce a satisfactory effluent. The 
advantages of high synthesis of 
sludge are a smaller treatment plant 
and lower air requirements; while 
the disadvantages include excess 
sludge disposal facilities and more 
complex operations. With small treat- 
ment plants the economics favor the 
total oxidation units while in large 
treatment plants the economics are in 
favor of high synthesis units. 


Inert Solids 


It has already been indicated that 
inert solids in the wastes will have 
an adverse effect on total oxidation 
systems. Generally speaking, the total 
oxidation systems take the entire 
waste flow into the aeration tank, 
eliminating primary sedimentation 
tanks and anaerobic digestion. A por- 
tion of the organic matter added to 
the aeration system in the form of 
suspended solids is inert to biological 
degradation. These inert suspended 
solids are incorporated into the acti- 
vated sludge and become part of the 
MLSS. Unless the inert solids are 
discharged from the aeration tank, 





they will build up in the MLSS 
causing much of the MLSS to be- 
come inert solids rather than active 
solids. The system will eventually 
fill up with sludge and discharge it 
in the effluent. When the excess 
solids are discharged in the effluent, 
a portion of the suspended solids dis- 
charged will be active cells. This re- 
sults in an increased F:M ratio and 
increased sludge synthesis. The net 
result in a total oxidation system is 
that instead of converting 11 per cent 
of the BOD removed into sludge, 30 
to 50 per cent of the BOD is being 
converted into sludge. The system 
breaks down as far as total oxidation 
is concerned and becomes a high 
synthesis system, The only way that 
the system can be maintained as a 
total oxidation unit is to peri y 
remove most of the MLSS and to 
start anew. An example is that if the 
aeration tank contains 10,000 mg/1 
MLSS when the system is full of 
sludge, the MLSS should be reduced 
at least 90 per cent to 1000 mg/1 to 
insure removal of most of the inert 
solids. The active mass will quickly 
build back to equilibrium and then 
the tank will slowly fill with solids. 
The rate of sludge removal will be a 
function of the inert solids concentra- 
tion. Since the sludge is predominate- 
ly inert solids, it will dewater directly 
on sand drying beds and will not 
require further treatment. 


Oxygen Utilization 


The complete mixing system ob- 
tains maximum utilization of the 
oxygen added to the aeration tank. 
With a uniform organic loading on 
the aeration tank, the oxygen demand 
in the entire system will be constant 
as a result of complete mixing. In 
the total oxidation systems the de- 
mand for oxygen is very low. Suf- 
ficient oxygen must be added to meet 
the entire demand of the ultimate 
BOD removed. The ultimate BOD 
is normally 1.5 times the 5 day BOD. 
Since a small fraction of the or- 
ganic matter is not oxidized but 
winds up in solids, the calculation of 
air on the total BOD removal will 
give 10 per cent excess air. 

The efficiency of oxygen transfer 
is very important in complete mixing 
systems since the power requirements 
and hence the cost of operations are 
largely related to this factor. In total 
oxidation systems the demand for 
oxygen seldom exceeds 40 mg/1/ 
hour. At this air rate most diffused 
aeration devices will not yield more 
than 5 per cent oxygen transfer ef- 
ficiency. It has been found that steel 
pipe with drilled holes will yield 5 
per cent efficiencies in complete mix- 
ing systems and will perform as well 
as any proprietary air diffusion de- 
vices. 

With the high synthesis systems 
the demand for oxygen increases 
quite sharply. The proprietary oxy- 
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gen diffusion equipment definitely 
show up at an advantage when the 
increased oxygen demand permits 
higher efficiencies of transfer. Up to 
oxygen demand rates of 100 mg/1/ 
hour most of the non-clog air dif- 
fusion devices will be satisfactory. 
Higher rates of oxygen demand will 
require the use of turbine aerators. 
Prefabricated Units 

There are many prefabricated com- 
plete mixing treatment plants being 
marketed by equipment manufac- 
turers. 

The prefabricated treatment plants 
give results consistent with the 
criteria cited for the design of the 
complete mixing units in the previous 
sections. Although there are not much 
data available on complete mixing 
plants in the field, some of the data 
which are available are shown in Fig 
2. It can be seen that the actual field 
results are consistent with the design 
criteria already cited. Studies are cur- 
rently being conducted on several 
complete mixing plants treating do- 
mestic sewage and industrial wastes 
to determine the operational charac- 
teristics of these plants so that the 
design criteria can be fully evaluated. 
The data which has been obtained to 
date are consistent with the concepts 
of design given in previous sections. 
Cost figures indicate a capital cost 
and operational costs 25 to 50 per 
cent below that of conventional ac- 
tivated sludge treatment. 
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Sutorbilt Blowers Provide 
And Versatility In 


- 


Three Size 12 x 16 Special Series 400-rotary positive blowers on preaeration tank service at Vallejo Sanitation 
and Flood Control District in Vallejo, Calif. Each blower is rated at 1550 SCFM at 6 PSIG discharge and V-belt 
driven at 580 RPM from 60 HP electric motor. Consulting engineer for this 10 MGD plant was Brown & 
Caldwell of San Francisco and general contractor was North Bay Construction Co. of Santa Rosa, Calif. 


Sutorbilt Positive-Pressure 3200 Series Blowers and 
Gas Pumps have become synonymous with depend- 
able delivery of clean, dry air without costly mainte- 
nance, replacement and loss in efficiency. These lobe 
type rotary positive blowers and gas pumps combine 
ruggedness and precision. Precision machined, these 
units deliver 800 to 20,000 cfm at pressures from 2 to 





10 psig. Available with timing gear diameters from 10” 
through 22” in horizontal designs and many sizes, as 
well as in the vertical case arrangements. 

Ideal for sewage treatment plant operations, such as: 
aeration of grit chambers; channel aeration; pre-aera- 
tion flotation; flocculation; tank aeration; air lifts; gas 
recirculation. 





HIGH PERFORMANCE FEATURES OF THE 3200 SERIES 


Case—Two pieces strongly ribbed to prevent distortion 
at maximum operating pressure. 

Shafts—One piece 4140 forged steel shafts are slip fitted 
through impellers and attached to them at gear ends thus 
allowing increased pressure and hp ratings with complete 
safety. 

Bearings and Seals—Four oversize heavy duty anti-fric- 
tion roller bearings installed in cartridges facilitate easy 
removal. Gear end bearings are positioned in such a man- 
ner as to permit drivers to be direct connected without 
separate thrust bearings. 

Timing Gears and Hubs—Helical timing gears of 4140 
alloy steel are piloted to the shaft to insure concentricity 
and are bolted to the timing hub with high tension bolts. 
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A precision fit between the shaft and the timing hub 
allows easy removal for maintenance purposes. 


Impellers and Headplates—Close grain cast iron impell- 
ers are internally ribbed to provide high strength and 
stability. Impellers are accurately bored to receive the 


shaft and the entire assembly is dynamically balanced 
for smooth operation. 


Base—All series 3200 units are provided with machined 
sub-bases as standard equipment. Fabricated steel base 
extensions are available for driver mounting. 
Lubrication—Timing gears and bearings are lubricated 
by a force feed pressure system. An oil filter is located in 
the oversized pump. 





Optimum Dependability 
Sewage Treatment Plants 


Sutorbilt Series 400 Blowers 
and Gas Pumps 


Series 400 are designed for continuous service in stand- 
ard 10” to 22” gear diameters. These units produce vol- 
umes to 13,000 cfm and pressure to 10 psi in a single 
stage ... and they may be double staged for higher 
pressures. Manufactured of close grain cast iron, the 
Series 400 Blowers are equipped with four heavy duty 
anti-friction roller bearings, wide faced herringbone 
semi-steel timing gears and the Sutorbilt timing hub. 


Sutorbilt Series 600 Blowers 
and Gas Pumps 


Series 600 units are available in the same sizes as the 
400 Series with these additional advantages: Capaci- 
ties up to 20,000 cfm at pressures to 10 psi in a single 
stage . . . equipped with six heavy duty anti-friction 
roller bearings . . . wide faced herringbone steel gears 
... thrust bearing and the exclusive Sutorbilt timing 
hub. Two of the six anti-friction bearings are placed 
outboard of the timing gears to maintain shaft and 
gear alignment positively under increased horsepower 
input. Thrust bearing resists torque resulting from in- 
creased horsepower, insuring accurate centering of 
both encased impellers. 


In the 600 Series Blowers, a full pressure force feed 
lubrication system delivers oil to all bearings and tim- 
ing gears. Lube oil pressure is maintained by an oil 
pump driven from the blower shaft. The force feed 
system is complete with oil filter. 


California Series Blowers 
and Gas Pumps 


Ruggedly built for long life, these Rotary Positive 
Blowers are designed for continuous service delivery 


Sutrorsitft 


CORPORATION, 


of air pressures up to 10 psig within each size, speed 
and pressure rating. Cases, headplates and impellers 
are made of close grain cast iron. Impellers are pressed 
and keyed securely to the shaft and are accurately 
balanced to operate without vibration. High strength 
steel shafts are ground and polished. Bearings are 
heavy duty anti-friction type which enable the blower 
to maintain its original factory clearances. The units 
are manufactured to three case lengths in each gear 


diameter to suit a variety of capacity and pressure 
requirements. 


California Series “’B” 


These units are a supplement to the standard Cali- 
fornia Series Blowers. Their design features permit 
higher than standard maximum speeds and greater 
outputs. Design features enable the “B” line to be pro- 
duced in sizes 2 through 8. This series contains the 
addition of a thrust bearing on the drive shaft, steel 
gears and dynamically balanced impellers. The thrust 
kit fits over the drive shaft and locks the actual move- 
ment of the shaft to prevent impeller contact against 
the headplate, in applications where substantial thrusts 
are encountered, as in direct coupling. “B” Series units 
can be direct connected or V-Belt driven. 


Write Department K for illustrated brochure 
giving complete specifications. 
Representatives located in principal cities. 
Consult your classified telephone directory. 


2966 EAST VICTORIA ST. © COMPTON, CALIF. 


SUBSIDIARY OF FULLER COMPANY © CATASAUQUA, PA. 


1S WELL BUILT 
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Sludge Utilization and Disposal 


by JULIAN R. FLEMING 


Director, Division of Sanitary Engineering, Tennessee Department of Public Health, Nashville, Tenn. 


HE ultimate disposal of sewage 

sludge is often a vexing problem. 
Many times the design of the treat- 
ment process stops short of this phase 
of sewage disposal simply because de- 
signers as well as operators are not 
soothsayers. When sludge utilization 
is relied on as the means of disposal, 
the public, in one form or another, 
assumes parternership status in sew- 
age treatment and the results stem- 
ming from this alliance are not al- 
ways predictable. 

In spite of these difficulties sludge 
disposal is accomplished and usually 
chief credit for it goes to the resource- 
ful operatora. In view of this, a know]- 
edge of current practices in sludge 
utilization and disposal may be help- 
ful to those who are searching for 
ways to improve sludge handling. It 
is for this reason that this article 
on operation practice was prepared. 

This paper is organized to present 
a resume of general methods of sludge 
disposal and a summary of methods 
used in 28 selected towns in Alabama, 
Arkansas, Florida, Kentucky, South 
Carolina, and Tennessee. 


Methods of Sludge Disposal 


Sewage sludge is that portion of do- 
mestic sewage, often mixed with in- 
dustrial wastes, which settles out in 
the sedimentation processes. The 
ranges of the solids content of the 
various sludges shown in Table 1 were 
reported by Fair and Geyer (1). 

These values show the solids con- 
tent in raw sludge may vary from as 
low as 0.5 per cent to as high as 10 
per cent, and from 2 to 15 per cent 
after digestion. Since sludge is prima- 
rily water even after completion of 
digestion, it may be transported 
through pipes. Well-digested sludge, 


* Presented at the 8th Southern Munici- 
pal and Industrial Waste Conf., University 
of North Carolina; Chapel Hill, N. C. Re- 
printed from FSIWA Journal, Vol. 31, No. 
11, by permission. 
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Table | 
Solids Content of Sewage Sludge 





Solids 
Kind of Sludge 





Raw sludge: 
Plain sedimentation 
Trickling filter 
Trickling filter + plain sedi- 
mentation 
Activated Siclenssciteaitahaniansibies 
Activated, thickened _......-..--... 
Activated + plain sedimentation.. 
Digested sludge: 
Plain sedimentation 
Trickling filter 
Activated : Bi AS aS ea 
Activated + p'ain sedimentation... 





with a usual solids content of 5 to 10 
per cent, shows a definite thickening 
and flows less freely than water. At 
10-per cent solids, it has the consis- 
tency of syrup, and when discharged 
to a level sludge drying bed it spreads 
out evenly for about from 50 to 100 
ft, but if greater distances are in- 
volved, it will tend to be deeper near 
the discharge point and shallow to- 
ward the distant end of the bed. At a 
solids content of 15 to 20 per cent. 
the sludge will no longer flow, and 
at about 25 per cent it can be handled 
with a spading fork, grader blade, and 
other tools usually used in handling 
solids. At 50 per cent solids, it gives 
the appearance of being almost com- 
pletely free of moisture, and at 90- 
per cent solids, it is dust dry. 

During the air drying of a 4-per 
cent sludge to one having, say, 30- 
per cent solids, the volume is reduced 
seven- to eight-fold. For an extreme 
case of wet sludge at 2-per cent solids 
being reduced by heat to ash, the 
volume reduces to 1/50 of the original 
volume. 

Sludge is a liability to any sewage 
treatment plant and the question of 
ultimate disposal must be decided on 
the basis of the most economical meth- 
od, considering fixed charges, oper- 


ating costs, odor and other nuisance 
problems, effects of bad weather, 
amount of space available, etc. 

As a means of final disposal, sludge 
has been: 

1. Spread on agricultural land; 

2. Spread on golf courses, parks, 
playgrounds, and lawns: 

3. Mixed with other ingredients to 
form a fertilizer; 

4. Incinerated to ash which is then 
used as fill material ; 

5. Mixed with refuse in a land fill; 

6. Lagooned and eventually used as 
fill; and 

7. Hauled by ships or piped to the 
ocean. 


Use on Land 
Digested sludge has a consider- 
able amount of soil-conditioning value, 
and some value as a fertilizer. Fer- 
tilizer value is usually measured in 
terms of nitrogen (N), phosphoric 
acid (P,O;), and potash (K:O). The 
following values from the FSIWA 
Manual on sludge utilization (2) show 
its approximate fertilizer value: 
Nitrogen 
Content 


Kind of Sludge (%) 


Sludge from plain sedimentation... 0.8-3.5 
Activated sludge 0.000000... 20-48 
Primary +- trickling filter sludge 


Digestion reduces the nitrogen con- 
tent as much as 40 to 50 per cent. 
Raw sludge will usually contain from 
1 to 3 per cent of P,O; and from 0.1 
to 0.3 per cent of K:O. As noted pre- 
viously, air-dried or heat-dried sludge 
has been used widely on golf courses, 
parks, lawns, and agricultural land. 
The principal problems associated 
with the agricultural use of sludge are 
occasional odors when the sludge be- 
comes wet, excessive hand labor re- 
quired to move it from the drying bed, 
transportation problems, difficulty in 
proper spreading, necessity for shred- 
ding or grinding in many cases, and 
the possible transmission of disease by 








Table Il 


Sludge Disposal Practice at 28 Cities in the Southeast 





Est. 
Pop. 
Served 


City 


Avg 
Sewage 
Flow 
(mgd) 


Method of Sludge Disposal 


Comments 





Alabama: 
Birmingham 
(Ensley Plant) 
Ft. Payne 
Montgomery 
Opelika 
Prichord 
Sylacauga 


Arkansas: 
Blytheville 


Jonesboro 


Florida: 
Coral Cables 


Gainesville 
(U. of Fla.) 


Secondary 


Pensacola Primary 


St. Petersburg Primary 


Tallahassee 


Tampa 


Kentucky: 
Lovisville 


150,000 


6,000 
65,000 


Digested sludge elutriated, vacuum 
shredded, 


filtered, heat dried, 
and sold. 


Digested sludge air dried and 


given away. 


Digested sludge air dried, shred- 


ded, and sold at cost. 


Digested sludge air dried and 


given away. 


Can be incinerated to ash if de- 
sired. Plant in operation approx. 
1 yr. Cost data not available. 


$4/cu yd unshredded; $5.50/ cu yd 
shredded. 


Digested sludge air dried, shred- 


ded, and sold. 


Digested sludge air dried and 


given away. 


Raw sludge vacuum filtered and 
given away; some used on a 


landfill. 


Digested sludge air dried and used 


on form land. 
Digested sludge 


away. 


Digested sludge air dried, shred- 
ded, and used on grounds. 


Most digested sludge air dried and 
stock piled. Liquid sludge sold to 


fruit growers. 


Digested sludge vacuum filtered, air 
and used on 


dried, shredded, 
farm land. 


Digested sludge air dried and used 


on porks. 


Liquid digested sludge is hauled 


vacuum filtered, 
heat dried, and sold or given 


Solids in filtered sludge, 32%. Filter 
operates 40-50 hr/mo. Chemical 
cost-approx. $300/mo; power cost 
approx. $1,000/mo. CaO dosage, 
4.7%; FeCl, dosage, 1.7%. 

Dry weather drying time, 10-14 
days/bed. 


Moisture in dry sludge, 10%. Dry- 
ing temp., 1200°F. Dried sludge 
sold to park dept. for $30/ton. 
Excess sludge given to U. of 
Miami. Total cost of handling in- 
cluding depreciation $50/ton. 


Sludge depth of 12 in. reduced to 
4 in. in 17 days, with 25% solids; 
20% solids in 11 days. Univ. 
depts. pay for removal and haul- 
ing. 

Dried sludge removed by convict 
labor. Liquid sludge sells for $1/ 
1,000 gal. Operation controlled 
by state health dept. 

Solids in filtered sludge, 35%. Cake 
spread in remote area for air 
drying. City has 2 treatment 
plants. 

City has 4 treatment plants; 3 
plants use sand beds; 4th plant 
uses slag beds. Est. cost of re- 
moving sludge from beds, stock 
piling, and application is $2.50/ 
c yd 

Est. cost of disposal is $8.70/1,000 


to a sanitary landfill for burial. 


Digested sludge air dried and used 


on parks. 


Digested sludge vacuum filtered 
site 


and h led to disp ‘ 


by special trucks. 





Twenty-eight 50- xX 125-ff sand 
beds used; total area is 170,000 
sq ft. 


Plant serves Louisville and Jefferson 
Co. Metropolitan Sewer Dist. 





contamination of fruits and vegetables 
which may be eaten uncooked. 


Examples of Other Methods of Disposal 
Fertilizer Manufacture 

Milwaukee, Wis., was one of the 
first major cities to use the activated 
sludge process. This plant was and is 
unique in that it does not use primary 
sedimentation, but instead uses revolv- 
ing drum screens to remove all coarse 
and medium solids. The drum screens 
are followed by the activated sludge 


process, with final settling. The sludge 
goes to a rotary kiln dryer and at the 
completion of the drying process, it is 
ground and sacked. Its nitrogen con- 
tent is rather high, and it is sold under 
the trade name of “Milorganite” in 
competition with commercial fertiliz- 
ers over a large portion of the United 
States. Though probably not economi- 
cally profitable when all cost items are 
considered, this method of sludge dis- 
posal has solved that problem and has 
done much toward meeting operating 


expenses for the treatment plant. 
Ocean Disposal 

Recently the city of Los Angeles, 
Calif., was faced with the necessity 
of increasing sludge handling and dis- 
posal facilities to accommodate the 
rapidly growing load on the treatment 
plant. The final choice of handling 
the sludge was to build a 22 in. diam- 
eter pipeline (3), 7 miles long, to 
take the sludge to the Pacific Ocean at 
a point 312 ft deep. This line has a 
capacity of 5.5 mgd. With an esti- 
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Table !l—Continued 





City Plant 
Type 


Est. 
Pop. 
Served 


Avg 
Sewage 
Flow 
(mgd) 


Method of Sludge Disposal 


Comments 





South Carolina: 


Greenwood Secondary 


Spartanburg Primary 


Spartanburg Secondary 


Tennessee: 


Bolivar Secondary 


Bristol Secondary 


Elizabethton 


Johnson City Primary 


Kingsport Primary 


Knoxville 


7,000 


Digested sludge air dried and sold 
or given away. 


Digested sludge air dried and sold. 


Digested sludge pumped directly to 
agricultural land. 


Digested sludge air dried and used 
on plant grounds or given away. 

Digested sludge air dried and used 
on city grounds. Some liquid 
sludge hauled to farms. 


Raw sludge vacuum filtered and 
hauled away by farmers or City. 


Digested sludge air dried and sold 
or given away. 


Digested sludge air dried, shred- 
ded, and used on plant grounds 
or given away. 

Some liquid sludge piped to 
plant grounds. 

Digested sludge elutriated, vacuum 
filtered, and hauled to City air- 
port. Some sludge sold and some 


In winter, 20-140 mg/l! of alum fed 
to wet sludge. Portion of sludge 
seld to farmers. Normally, sludge 
removed by hand labor and stock 
piled. 

Lawson's Fork Plant. Sludge re- 
moved by hand labor, stockpiled 
on conc. apron, and sold for $1/ 
cu yd. 

Fairforest Creek Plant. Aluminum 
pipe used to convey liquid 
sludge. Method considered most 
satisfactory. 


Drying time varies from 6 wk to 
3 mo. 

Summer drying time, 30-90 days; 
winter, up to 6 mo. Odor prob- 
lems present, may be due to non- 
digestibles from industry. 

Filter cake, 25% solids. Filtration 
usually 3 days a week. Estimated 
annual cost of sludge operation 
is $6,000 against $11,000 for di- 
gesters ond drying beds. No odor 
problems. 

Dried sludge, 52% solids. Summer 
drying time, 15-20 days; winter, 
2-3 mo. 

Dried sludge, 45% solids. Summer 
drying time, 30 days; winter, 2-3 
mo. 


Filter coke, 32% solids. Heat dry- 
ing and smacking ore under in- 
vestigation. 


Lebanon Secondary 


Maryville Secondary 


Murfreesboro Secondary 


Union City Secondary 


used on parks. 


Digested sludge air dried and 


given away. 


Digested sludge air dried. 


Digested sludge hauled to farm 
land. Small portion is air dried. 


Row sludge vacuum filtered and 


used on farm land. 


Min drying time, 7-12 days; mox, 
1%-2 mo. Beds kept scrupulously 
clean. Effective size of sand, 2.0 


mm. 

Dried sludge, 25-35% solids. Raw 
sludge concentrated prior to di- 
gestion. 

1,000-gal. portable tonk can be 
filled in 10 min. Sludge discharge 
over flared chute to produce 6-ft 
wide sheet of sludge. Truck 
speed adjusted to control appli- 
cation. 

Operating cost per ton of dry sol- 
ids: 1956, $23.00; 1957, $13.80; 
and 1958, $9.82. 

Plant overloaded with meat pack- 
ing wastes. 





* Design value 


+ Includes industrial population equivalent of 15,000. 


mated sludge flow rate of 2.45 mgd, 
the remainder of the pipeline capacity 
is utilized by mixing the liqud efflu- 
ent of the plant wth the digested 
sludge in proper proportions. Velocity 
in the pipeline is approximately 4 fps. 

The city of New York has a com- 
plex system of sewage treatment 
plants scattered around Manhattan 
and other boroughs. For the past 22 
years digested sludge has been hauled 
to the deep water of the Atlantic 
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Ocean for final disposal. In 1953 the 
sludge fleet consisted of three vessels. 
At that time the total cost of digestion 
and the ultimate disposal of sludge 
was $9.80 per ton of dry solids. More 
than 75 per cent of this cost was di- 
rect operating cost. New York also 
has pumped a rather small amount of 
sludge through a short pipeline to be 
mixed with other ingredients in the 
manufacture of a synthetic top soil for 
use in city parks. 


Sludge Disposal Practices 
in the Southeast 
Alabama 

Sludge disposal practices at six 
treatment plants are summarized in 
Table II. With the exception of the 
Ensley plant in Birmingham, sludge 
is dried on open beds. Nearly all of 
the newer plants with capacities above 
0.5 mgd are equipped with sludge 
shredders. Shredding seems to make 
the sludge easier to use, less odorous, 
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and, therefore, easier to market or give 
away. 

Over the state as a whole, the sale of 
air-dried sludge is increasing, but 
there are few localities where the de- 
mand is great enough to defray the 
expenses of removing the material 
from the drying beds. 

The State Health Department ad- 
vises against the use of air-dried 
sludge on edible crops and suggests 
that its application be limited to beef 
cattle pastures, lawns, shrubbery, 
flower beds, or inedible row crops. 
Arkansas, Florida, Kentucky, and 
South Carolina 


Sludge disposal practices at 12 cities 
in Arkansas, Florida, Kentucky. and 
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South Carolina are summarized in 
Table II. 
Tennessee 

Sludge disposal practices in 10 Ten- 
nessee cities are summarized in Table 
Il. 

In Kingsport, a small amount of 
liquid sludge has been used on the 
plant grounds. Labor savings more 
than paid for the cost of the 180 ft 
of pipe used. More extensive use of 
this method of disposal is planned. 

At Murfreesboro, because of the 
ease of handling, liquid sludge is in 
steady demand. The demand for dried 
sludge is minor because of the greater 
labor requirements associated with its 
use. 
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Vacuum Filtration of Raw Sludge 


® THE DISPOSAL OF SEWAGE SLUDGE 
was quite crude in the beginning con- 
sisting merely of allowing sludge to 
lie in open trenches until it was dry. 
Such methods could be practiced in 
areas removed from habitation, where 
populations were not exposed to at- 
tendant nuisances, and where land 
used for disposal was not used for 
other purposes in which contamina- 
tion was a consideration. But com- 
munities grew in population and in 
size, and nuisances and health haz- 
ards became aggravated, therefore 
other means of disposal had to be 
found. 

The development of septic tanks, 
Imhoff tanks and separate sludge di- 
gestion minimized potential nuisances 
and health hazards by destroying or- 
ganic matter and certain pathogenic 
organisms by biological action. Also, 
digestion produced a sludge that was 
more readily drainable (8) than 
fresh solids. Digested sludge could be 
disposed of on the land in either la- 
goons or on drying beds more readi- 
ly than undigested sludge. But la- 
goons and drying beds require con- 
siderable amount of area. This area is 
not always available. Also, the drying 
operation may require a month or 
more, because of weather conditions, 
putting such areas out of service. 


Use of Vacuum Filters 


The vacuum filters, first patented 
in England by William and James 
Hart in 1872, were designed as “An 
Improved Apparatus For Drying 
Sewage Precipitates, Cement, Pulp, 
etc.”. However, vacuum filtration of 
sewage sludge was not attempted un- 
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til 1922 and 1923 when investigations 
were conducted at Indianapolis and 
Chicago respectively. The first full 
scale vacuum filter installation to de- 
water sewage sludge went into oper- 
ation at Milwaukee in 1924. Early 
sewage sludge filters were used for 
dewatering undigested sludge. As was 
true with many of the unit processes 
involved in sewage treatment, sew- 
age sludge filtration practices were 
borrowed from metallurgical and 
chemical technology. It wasn’t until 
1949 that vacuum filters were de- 
signed specifically for sewage sludge 
dewatering, and mechanical means of 
sludge disposal came into their own. 
Sludge disposal became expensive in 
terms of equipment, labor and space 
requirements. At times, sludge han- 
dling is a bottle neck which disrupts 
efficient operation of the liquid end 
of sewage treatment. The technologi- 
cal advantages in sludge filtration 
which have been realized in the last 
ten years have resulted in an efficient 
and economical means of sludge dis- 
posal that is widely applicable to both 
small and large treatment plants. 
Earlier vacuum filtration was con- 
sidered to be economical only at large 





Table | 
Effect of Size of Opening 


on Vacuum Filter Performance 


120 x 46 mesh S/S Spring 
satin finish .018" nominal 
monofilament Opening 


Filter Yield—Ibs/sq. ft./hr. 2.15 7.65 
% CaO Used 16.0 8.8 
% FeCls Used 6.7 1.45 
%, Moisture in Cake 70.9 74.5 











installations. Today it is an econom- 
ical operation for design populations 
as low as 5,000. 


Raw Solids Filtration 


The first sewage sludge filters put 
into operation were used for dewater- 
ing undigested sludge, but the num- 
ber of these installations were for 
some time kept to a minimum because 
of operating problems. With the ad- 
vances in technology, improved equip- 
ment design and a better understand- 
ing of sludge treatment and condi- 
tioning, about one-fifth of the ap- 
proximately 900 vacuum filters used 
for dewatering sewage sludge are to- 
day filtering undigested sludge. 

To a great extent the filtration of 
fresh solids is dependent on maintain- 
ing a comparatively large opening in 
the media, an opening that will 
neither clog nor blind with particles 
of the sludge. Conditions which pre- 
clude the possibility of clogging or 
blinding are conducive to higher fil- 
ter production, and often lower chem- 
ical consumption. Table 1 shows a 
comparison of filter media with small 
and large openings obtained at a pri- 
mary treatment plant. Further evi- 
dence of the effect of size of opening 
on filter performance is shown in the 
operating experiences at Minneapolis- 
St. Paul (5) where chemical con- 
sumption for conditioning the sludge 
was greatly reduced after changing 
to an open mesh cloth. 

The use of open mesh media results 
in some increase in the suspended sol- 
ids content of the sludge filtrate. This 
increase, however, does not consti- 
tute a significant additional load on 


W.&S.W.—REFERENCE NUMBER—1960 





100ml 


FILTRATE 


- 
° 
°o 


SECONDS TIME TOCOLLECT 60nI 
re) 
o 


oO 
°o 
N 
> 


6 8 10 12 4 


Digested Primary & Trickling Filter Sludge 
Treated with Lime and FeCl, 


Filtered on 90mm Buechner Funnel wit 
Perforations Ranging From 0.005” to 0. 030" Dia. 


6 8 20 22 24 26 28 30 


% OPEN AREA 
Fig. 1. EFFECTIVE open area for sewage sludge filtration. 


the treatment processes. The amount 
of solids returned to the plant in this 
filtrate amounts to less than 1 per 
cent of the solids load on the plant’s 
sedimentation facilities; the particle 
size distribution in the filtrate solids 
is the same as in the original sludge ; 
the filtrate solids are somewhat low- 
er in organic content (5); and by 
virtue of the coagulating chemicals 
that have been added to the sludge, 
the filtrate solids are readily settle- 
able (11). Although, within limits, 
larger openings are required. The to- 
tal open area required for the filter 
media is comparatively small. Fig- 
ure 1 shows results of laboratory 
tests performed with perforated discs 
of varying proportions of open area. 
It is seen that maximum filter rates 
are obtained with 5 percent open 
area and that an increase in open 
area beyond this value do not pro- 
duce any further increase in filter 
rate. 


Sludge Character 


A vacuum filter designed and oper- 
ated so that the filter media is not a 
limiting factor obtains the filtration 
results which are entirely dependent 
upon the characteristics of the sludge 
itself, or on the manner in which the 
sludge is treated prior to dewatering 
(11). The more significant sludge 
characteristics which affect the filtra- 
tion are: 


1. Size, shape, density, and charge 
of the solid particles. 
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. Compressibility of the solid par- 
ticles. 

. Viscosity of the filtrate and of 
the sludge. 

. Chemical composition, especial- 
ly the ratio of volatile to inor- 
ganic matter, and grease con- 
tent. 

5. Solids concentration. 

The factors involved in the treat- 
ment of the sludge are: 


1. Degree of vacuum applied, 
taking into consideration the 
compressible nature of sew- 
age sludge solids. 

. Chemical treatment. 

a. Type of chemicals used. 

b. Amount of chemicals used. 

c. Sequence of chemical addi- 
tions. 

Since the nature of a particular 
sludge depends upon the type of 
wastes, the variations in the sewage 
flow and the details of the treatment 
process, the sewage plant operator 
has little, if any, control over what he 





Table 2 
Sludge Disposal Costs 
Woodbridge, N. J. 


Cost per ton 
Dry Solids 








Chemicals 
Labor ® 
Power 


Cake 


Disposal (>) 


Total $9.85 





a. Includes filter operations, truck driver and 
bulldozer operator. 


b. Includes trucking and bulldozer operation 


receives. The operator can, on the 
other hand, exercise control over the 
manner in which the sludge is treated. 


Chemical treatment 


Lime and ferric chloride are the 
most commonly used coagulants. In 
most instances lime is used in the 
form of high-calcium (chemical- 
grade) hydrated lime. At larger in- 
stallations, economies in purchase 
price can offset the additional cost of 
handling equipment and quicklime is 
used. Dolomitic lime can be used but 
larger quantities are required, be- 
cause of its lower CaO content. Also, 
a greater tendency to scale formation 
on equipment has been observed from 
dolomitic lime than from high-calci- 
um lime. 

In some instances iron is added in 
the form of ferric sulfate which often 
results in some economies in cost. 
However, insoluble matter in the 
commercially available forms of ferric 
sulfate requires additional mainte- 
nance and care in keeping chemical 
feed lines and equipment free from 
clogging. 

Some investigations have been 
made into the use of other coagulant 
aids as substitutes for, or adjuncts 
to, the commonly used lime and ferric 
chloride. For instance, the use of or- 
ganic polyelectrolytes has been tried 
experimentally but these materials 
have not yet come into large scale 
use in conditioning sewage sludge, 
except at the Hyperion plant at Los 
Angeles). Considerable success has 
been attained in England with the 
use of aluminum chlorohydrate®). 
Aluminum chlorohydrate appears to 
be at least as effective as iron salts, 
but is not available in this country. 

Ferric chloride and lime have been 
found to produce optimum filtration 
results on any given sludge within a 
comparatively narrow range of chem- 
ical dosages. The addition of excess 
chemical can depress filter rate to 
the same extent that the rate is de- 
creased by insufficient addition of 
chemicals. It is necessary for the 
plant operator to determine, at least 
daily, the optimum amount of chem- 
ical required. This information can be 
obtained using a series of Buechner 
Funnel tests and determining filtra- 
tion times for various amounts of 
chemicals. This is done in a manner 
similar to the jar test used for deter- 
mining coagulant demands in water 
treatment plants. 








Table 3 
Performance of Vacuum Filters Dewatering Fresh Solids 


Perth Amboy,Woodbridge, 
New Jersey New Jersey 





Plant Belton, 


Missouri 


Blytheville, 
Arkansas 


Activated Trickling 
Filter 


Elizabethton, Newton, 


El Dorado, Hastings, 
Tennessee Kansas 


Arlington, 
Kansas Nebraska 


Texas 
Type of Sludge Primary Primary 


Primary Trickling 


Trickling 
Filter 


Trickling 
Filter 


Trickling 
Filter 


Filter 


Dec 58- 
June 59 


E. E. Borden !. H. Nelson 
Operator Supt. 


Period Reported Feb. 55 Oct.-Dec. 55 June 57 May-Dec. 57 June-July 58 June- July- 


Sept. 58 Aug. 58 


W. McGuire F. Scobie 
Supt. Supt. 


Aug-Sept 
58 


Reported by A. Gadomski H. W. Anderson 


L. FurmanM. Bratton 
Chemist Supt. 


Supt. Supt. 


Days/wk 
Operation 


Wet Filter 
Coke-lbs/day 


Dry Solids/day 

% Moisture in Cake 
% FeCls Used 

% CaO Used 


30,200 
9,218 
718 
2.7 
8.2 


14,380 
4.760 
66.9 
1.8 

47 


13,540 
3,430 
747 
3.5 
8.7 


21,300 
4,290 
79.8 
2.2 

6.7 


3.2 


44 8.7 


Filter Rate 


Ibs./sq. ft./hr 6.3 8.0 


3.7 10.4 6.3 


59 


64 69 





In mixing the conditioning chem- 
icals with the sludge, two quite op- 
posing aims must be achieved. The 
chemicals and the sludge must be 
thoroughly mixed in order to achieve 
complete contact; at the same time 
the agitation must be gentle, in order 
to avoid destruction of the fragile floc 
which is formed. From this stand- 
point, detention time for the sludge 
and the chemicals should be kept to a 
minimum. The almost universally ac- 
cepted practice in adding coagulants 
to sludge is to add and thoroughly 
mix the ferric chloride prior to the 
addition of the lime. This practice re- 
sults in lower over-all chemical re- 
quirements. 


Filterability 

The size and shape, as well as the 
density of the solid particles of a 
sludge are significant factors in com- 
paction and establishing chemical re- 
quirements. For instance, irregularly 
shaped particles, irregularly sized 
particles and small particles will tend 
to form a compact mat under vacuum 
which leaves only a small ratio of 
voids available for liquid migration. 
Regularly shaped, regularly sized and 
large particles allow for a high 
ratio of voids, which is conduc- 
ive to liquid migration. It has 
been reported that reduction in 
the percentage of small particles 
(measured by passage through a 200 
mesh screen) resulted in a three-fold 
increase in filter yield with a 50 per- 
cent reduction in coagulant de- 
mand), With non-compressible 
sludges, the filter yield is directly 


proportional to the vacuum or pres- 
sure applied; with compressible 
sludges an increase in vacuum be- 
vond 5 or 10 inches Hg produces lit- 
tle or no increase in the yield. Sewage 
sludges without large quantities of 
grit have been found to be highly 
compressible'*)“"), For these rea- 
sons, excessive vacuum in dewater- 
ing sewage sludge is not indicated nor 
economically desirable. 

Filterability is inversely propor- 
tional to viscosity. In the case of 
sewage sludge, however, viscosity of 
both the solid fraction and the filtrate 
is of academic interest only. There 
are no appreciable variations in tem- 
perature of sludges and therefore no 
appreciable variations in viscosity. In 
general it can be stated that chemical 
requirements in the coagulation of 
sludge are directly proportional to 
the ratio of volatile matter to ash, and 
to the amount of alkalinity present 
in the sludge. Inordinate grease con- 
tent tends to increase the lime re- 
quirement. With other factors re- 
maining constant, there is a straight 
line relation between sludge concen- 
tration and filter yield. Doubling the 
solids content of the sludge will pro- 
duce approximately double the filter 
rate. 

To a great extent the filtration 
characteristics of a sludge are deter- 
mined by the nature of the sewage 
treatment process producing the 
sludge. Sludge from primary sedimen- 
tation tanks dewaters more readily 
than does a secondary sludge, such 
as trickling filter humus or activated 
sludge ; fresh solids filter more rapid- 


ly than does digested sludge. These 
differences are a function of the struc- 
ture and size of the solid particles. 
The greater filterability of fresh sol- 
ids can be both effective and econom- 
ical. 


Cost comparisons 

Effective disposal requires settled 
sludge to be rendered innocuous, from 
the standpoint of nuisance potential 
and of health hazards; be amendable 
to simple, uncomplicated processing ; 
and be in a form requiring a mini- 
mum of treatment and space. To be 
economical, sludge disposal facilities 
must involve a low capital invest- 
ment, and nominal operating costs. It 
has been shown that fresh solids de- 
watering facilities can effect savings 
in construction costs amounting, on 
the average, to an equivalent of $4.00 
per capita of design population based 
on conventional disposal methods‘®). 

Operating costs vary somewhat, 
depending on the nature of the sludge 
and the size of the installation. A 
1953 survey‘”) showed costs of vacu- 
um filtration of digested sludge at 
five installations varied from $7.39 
to $12.75 per dry ton of solids. More 
recently, Minneapolis-St. Paul re- 
ports total costs for filtration and in- 
cineration of fresh primary sludge at 
$€.25 per dry ton. A typical break- 
down of operating costs for a smaller 
installation is shown in Table 2. 
These data were collected at Wood- 
bridge, N. J., where a primary treat- 
ment plant with a design flow of 10 
mgd is presently serving a population 
of 30,000. Sludge is pumped directly 
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Fig. 2. COLIFORM population vs pH of fresh solids filter cake. 


from the primary clarifier to the vac- 
uum filter. Filter cake is trucked to 
the municipal refuse dump site and 
spread by bulldozer. 

The filtration cost of $9.85 per ton 
represents an annual cost of $0.154 
per capita. If a secondary sludge is 
mixed with the primary, the per capi- 
ta cost may amount to as much as 
twice this figure. 

As seen in Table 2, conditioning 
chemicals used in preparing the 
sludge for filtration represent ap- 
proximately one-half of the total oper- 
ating cost; proper use of chemicals is 
of economic and operational impor- 
tance. In practice, the filter operator 
must maintain careful control of 
chemical conditioning to keep costs 
at a minimum and produce optimum 
production rates. Such action will 
reduce costs even more by mini- 
mizing operating time, labor require- 
ments and power consumption. Table 
3 shows typical operating data col- 
lected from several installations that 
dewater fresh solids. The filter yields 
listed reflect the many technological 
advances made since the first vacu- 
um filters were installed in sewage 
treatment plants 36 years ago. 


Plant Experience 


In some of the plants, fresh solids 
are drawn directly from the primary 
clarifiers to the vacuum filters, with- 
out intermediate storage. In a few 
instances the vacuum filters are oper- 
ated two or three times a week, and 
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sludge is stored in the bottom of the 
clarifier in the interim. Under certain 
conditions, this practice does not im- 
pose an extra load on the treatment 
process. At one plant which operates 
at considerably less than capacity and 
where the raw sewage contains ap- 
preciable quantities of dissolved oxy- 
gen, the BOD reduction as well as 
suspended solids removals were iden- 
tical in two parallel tanks even though 
sludge was removed at half hour 
intervals from one tank while sludge 





Table 4 
Effect of pH on Coliform Counts 
in Dewatered Fresh Solids 


MPN 
Confirmed 
per gm. 
dry solids 





Location 





Woodbridge, 
Woodbridge, 
Woodbridge, 
Woodbridge, N. J. 
Woodbridge, N. J. 
West New York, 
West New York, 
West New York, N. J. 
Hastings, Nebr. 
Hastings, Nebr. 
Hastings, Nebr. 
Nassau County, N. Y. 
Nashville, Tenn. 
Newton, Kans. 
Arlington, Tex. 
Eldorado, Kans. 
Corpus Christi, Tex. 
Pentagon Bldg., Va. 
Westgate Plant 
Fairfax Co., Va. 
Raritan, N. J. 
Somerville, N. J. 
Clinton Twshp., Mich. 
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was stored in we other tank for 
periods of up to four days. In an- 
other instance, a primary plant which 
operates at 30 percent of capacity 
and receives septic sewage, the vac- 
uum filter is operated 3 days per 
week on alternate days. In 3.5 years 
of operation, with sludge stored in 
the primary clarifiers when the filter 
is not operating, there have been no 
indications of breakdown of clarifier 
efficiency. Sludge withdrawn from 
the clarifier in this plant sometimes 
reaches a concentration of more than 
12 percent solids. 

The concept of storing sludge in 
primary clarifiers is contrary to 
standard practice and might well be 
questioned. Septicization or decom- 
position of sewage sludge is a bac- 
teriological process, and the rate of 
decomposition is dependent on the 
population of micro-organisms re- 
sponsible for decomposition. Success- 
ful digester operation requires a well- 
seeded culture media containing high 
populations of the required flora. 
Where digesters are not present, and 
where seed organisms are not being 
returned to the primary tanks in di- 
gester supernatant liquor, decompo- 
sition of sludge in the tanks can be 
expected to be delayed. 


Disposable End Product 


Chemical treatment of sludge also 
plays an important role in rendering 
the filtered material disposable. The 
lime and ferric chloride react with 
sludge constituents in a manner 
which tends to stabilize them. Filter 
cake decomposes very little and is not 
accompanied by the usual attendant 
odors nor by visible change in the 
physical properties of the material. 

The conditioning chemicals, espe- 
cially lime, is responsible for reducing 
the bacterial content of the fresh sol- 
ids, as indicated by its affect on coli- 
form organisms, Alkaline conditions 
produced by the presence of calcium 
hydroxide retard the growth of coli- 
forms and other sewage organisms. 
The effect of high pH on the MPN 
of a conditioned and dewatered 
sludge has been shown ®). A typical 
relation between pH and confirmed 
MPN counts is shown in Figure 2. 
Super-imposed on this curve are data 
collected from various operating in- 
stallations. This curve and Table 4 
show that high pH in the range of 
free causticity is effective in reducing 
and in some cases eliminating the 
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coliform population of the sludge. 
The hydroxyl ion has a high pene- 
trative power. When thoroughly 
mixed, lime is capable of coming in 
contact with coliform organisms in 
spite of the presence of gross solid 
particles. Coliform counts in samples 
collected in the field correspond, with- 
in limits, with values obtained in 
controlled laboratory tests. If any- 
thing, field-collected samples show 
slightly lower counts. This may have 
been due to lags of up to 24 hours 
before samples reached the labora- 
tory. There is a certain amount of 
normal attrition of coliforms upon 
standing, even under conditions fav- 
orable to growth. 


By comparison a number of filter 
cakes produced from the dewatering 
of digested sludge showed confirmed 
coliform counts in the range of 0 to 
2.4 x 10* per dry gram. A digested 
sludge dried on sand beds, containing 


93 percent solids, had a coliform pop- 
ulation in excess of 6 x 10® organisms 
per dry gram. 

A filter cake produced from the 
dewatering of fresh sludge at Wood- 
bridge, New Jersey, after six months 
of storage on the ground from Febru- 
ary to August, had a_ confirmed 
MPN of 7.7 x 10° per dry gram, 
while a sample stored for six months 
at Somerville, New Jersey contained 
no coliforms. 


Conclusions 


These low coliforms found in de- 
watered fresh solids, and the appar- 
ent low rate of regrowth of these 
organisms suggest greater latitude in 
the disposal of properly processed 
fresh solids. 

Vacuum filtration of sewage 
sludge, particularly fresh solids, is a 
unit process for sludge disposal which 
meets requirements of low installa- 


tion cost, economical operating cost, 
ease of operation, minimum area, 
absence of nuisance and a disposable 
end-product. 
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Utilization of Liquid Sludge 


by ROBERT C. MERZ* 


Professor of Civil Engineering, University of Southern California, Los Angeles, California 


® tue city of San Diego, California 
operates a primary type sewage treat- 
ment plant. The disposal of digested 
sludge at this plant has been effected 
through elutriation, vacuum filtration, 
and other normal steps attendant to 
the production of fertilizer. Because 
of the high cost of this method of 
sludge disposal, the City was anxious 
to explore the feasibility of developing 
a less expensive but equally beneficial 
method. It was believed that if the 
digested sludge could be successfully 
applied to existing waste lands owned 
by the City without adverse effect, 
savings in water requirements on 
areas developed for public use might 
be made and increased revenue might 
be obtained from those improved 
lands released for agricultural pur- 
poses. 

An investigation was accordingly 
planned for the purpose of obtaining 
answers to as many as possible of 

1. Will there be any deleterious ef- 

fects on the soil, or interference 
with plant growth, as a result of 
the chemical properties of the 
sludge? 

. What are the most economical 
methods .of handling and appli- 
cation of the material to the 
various types of soils to be en- 
countered ? 

. What are the optimum amounts 
for various types of soil? 


*Contributing Editor, Water & Sewage Works 


4. Are there any serious problems 
of nuisance resulting from odor, 
flies, dust? 

. What are the beneficial effects 
of the application from the 
standpoint of increased water 
retention and the addition of 
plant nutrients? 


Test Site 


A 4-acre test plot in the Tijuana 


“River Valley was selected for initial 


sludge disposal because of its small 
size, proximity to the disposal plant, 
cooperative interest of the farmer 
who leases this land from the city and 
the information to be obtained by 
adding sludge to a virgin waste soil. 
The plan was to spread liquid sludge 
on the 4-acre test plot at various 
loadings and then evaluate benefits by 
cropping the area. San Diego sludge 
solids are digested at 85° for 30 days 
in a two-stage digestion system. The 
mineral content of a particular sludge 
is dependent upon the derivation of 
the sewage solids. The character of 
solids from the San Diego primary 
treatment plant would be expected to 
differ from those derived from an ac- 
tivated sludge plant or a trickling 
filter plant. The average chemical 
analysis of the sludge used in this 
work is presented in Table 1. 

A survey party was sent into the 
field to prepare a topographic map of 


the test site. The site was then graded 
to provide a uniform slope of approxi- 
mately .003 from the southeast to the 
northwest. Dikes 18 inches high were 
constructed around the periphery of 
the field and were used to divide the 
test site into 5 major areas, A, B, C, 
D1, and D2, all as shown in Figure 3. 
Three of the main sections were fur- 
ther subdivided by dikes into spread- 
ing basins, each approximately 20 ft 
wide. 

A type of trailer-truck combination 
was used for the hauling of the liquid 
sludge. This single unit was used for 
the entire test hauling operation, as 
its 6000 gallon capacity proved ade- 
quate for the available sludge. Liq- 
uid sludge was hauled to the test 
site and spread as directed from July 
28 through October 10, 1955, except- 
ing Saturdays, Sundays, and holidays. 

There were no major difficulties 
encountered in the handling of the 
sludge. Sludge was easily pumped 
from the digester into the hauling 
units through a pipe line fitted with 
a telescoping sleeve at the discharge 
end. Discharge at the site was by 
gravity through a 4-in. discharge line. 

The dry solid content of the sludge 
varied from 4.48 to 7.98 percent, and 
averaged 6.48 percent. In Table 2 is 
summarized the data concerned with 
the loading of the several strips. It 
will be noted that the loadings ranged 
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LOADING OF SLUDGE was accomplished by a telescoping pipe. 


from approximately 10 to 100 tons of 
dry solids per acre, with one portion 
of no loading serving as a control 
area. 

The haul of liquid sludge to the 
Tijuana test site was halted on Octo- 
ber 10, 1955. The site was permitted 
to dry until November 9, at which 
time the site was plowed and general- 
ly made ready for planting. In addi- 
tion, to compare conventional fertili- 
zation with the benefits obtained only 
through the use of liquid sludge, a 
1.4-acre portion of the site cutting 
across all control and variously loaded 
areas was treated with 425 pounds of 
ammonium sulphate, amounting to 40 
pounds of nitrogen per acre. 

The test site was sown with barley 
on November 30, 1955. The harvest 
date was April 12, 1956, providing a 
growth period of 144 days. During 
this time, 1.25 inches of rainfall oc- 
curred, chiefly on December 3 and 4, 
and January 26 to 31. An additional 
16.5 inches were applied in 3 irriga- 
tions. 


Results 


Prior to and after the addition of 
sludge, arrangements were made for 
collecting samples of the soil at 3- 


inch, 9-inch, and 4-foot horizons. 
These soil samples were subjected to 
physical analyses, the results of which 
indicated that the soil was predomi- 
nantly sand. 

Permeability tests of the soil before 
and after the sludging were made. 
Six measurements over a period of 5 
months prior to sludging indicated an 
average percolation rate of 16 inches 
per hour. After sludging, permeabil- 
ity tests indicated an increase in the 
percolation rate to 24 inches per hour. 

It was apparent from soil densities 
taken before and after sludge applica- 
tion that the sludge did not appre- 
ciably change the density. 

The average organic matter content 
of the soil at the 3-in. level increased 
from 3.6 percent prior to sludging to 
7.2 percent after sludging. Similarly, 
the average organic matter content of 
the soil at 9-in. level increased from 
2.92 percent prior to sludging to 5.16 
percent after sludging. 

The percent moisture of the soil 
samples following spreading showed 
increases up to 17 percent. These 
values are indicative of the water that 
percolated into the soil from the 
sludge. No rainfall occurred, and no 
other water was applied to the field 
during this time. These high mois- 





TABLE | 
ANALYSIS OF DIGESTED SLUDGE, SAN DIEGO 








Total Dry Solids 
Grease 

Fatty Acids 
Chlorides 

Total Nitrogen 
Phosphorus as PsOs 
Sodium 

Potash as KsO 





All results in percent, on a dry basis 
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Prior Average Average During 


Spreading 





3.44 
11.15 
24.23 

0.75 

2.73 

4.78 

1.07 

0.83 





ture contents correlate with the in- 
crease in conductivities of soil ex- 
tracts. It was found that there was 
an increase in the salinity of the sur- 
face soil because of the concentration 
of ions resulting from the evaporation 
of moisture from the liquid sludge ap- 
plied to the land. This increase in 
total dissolved solids was shown by 
the increase in conductivities from a 
range of 0.079 to 0.620 millimhos per 
cm prior to the application of the 
liquid sludge to a range of 0.55 to 
5.80 millimhos per cm in similar soil 
samples after application and drying 
of the sludge. 

The extensive mineralization found 
in the soil indicated that the soil had 
a high salinity hazard. This was con- 
firmed by difficulties encountered in 
actual germination and growth of the 
barley crop. It should be noted that 
the mineralization of the soil was not 
due to the presence of the organic 
material in the sludge, but rather due 
to the salinity content of sewage ef- 
fluent applied to the soil should cause 
the same mineralization to take place. 
There was no accompanying increase 
in the boron concentration, and this 
fact would indicate that boron was 
not a factor in the growth behavior 
of the test crop. 

The addition of sludge to the soil 
increased its saturation percentage, 
or moisture holding ability. The com- 
posited samples of soil from the test 
plot receiving 100 tons of dry solids 
per acre exhibited an increase in satu- 
ration percentage from 27 to 50, with 
lesser increases for lower loadings. 
The conductivity measurements, as 
well as the exchangeable sodium per- 
centage, indicated that the soils of the 
test area, following application of 
sludge, could be classified as saline, 
and would require leaching before be- 
ing used for agricultural purposes. 
No alkali problem existed. 

The pH of the soil of the test plots 
was obtained. It was found that the 
highest pH of 7.8 occurred in the test 
area where the greatest sludge loading 
was placed. The lowest pH of 6.4 
was noted at the point of application 
where the least sludge loading was 
placed. 

Biochemical analyses’ of the soil at 
four of the test points in the field 
were made before and after sludge 
application. Ten grams of soil were 
added to 100 ml of distilled water and 
the BOD of the resulting solution de- 
termined. The BOD before sludge ap- 





PRIMARY TYPE SLUDGE COLLECTORS 


CONVEVORS FOR LIME VERTICAL BACK-CLEANED SCREEN 


Specity dependability with JEFFREY equipment 


grows here are some of the many types of 


equipment produced by Jeffrey for sewage 
treatment plants. Jeffrey offers dependability — 
proved by years of experience in large and small 
plants. Jeffrey engineers can help you in applica- 
tion of this equipment for efficient results. For 
complete information, write The Jeffrey Manu- 
facturing Company, 996 North Fourth Street, 
Columbus 16, Ohio. 


Export Division 


DIFFERENTIAL CONTROL with visual 
“‘loss-of-head”’ gage for automatic CONVEYING « PROCESSING « MINING EQUIPMENT... 


sewage screen operation TRANSMISSION MACHINERY... CONTRACT MANUFACTURING 
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plication ranged from 2.4 to 18.4 ppm, 
without much correlation existing be- 
tween the various depths. After 
sludge application, the BOD ranged 
from 2.3 to 30.3 ppm, and in general 
the greatest BOD was exerted by the 
surface soil. It is evident that the 
well-digested sludge created no un- 
desirable anaerobic condition in the 
soil of the test plot. 

Following sludge application and 
drying, the field was prepared for 
planting. No rainfall occurred and no 
attempt was made to apply any well 
water for the purpose of leaching the 
soil before planting. Routine visits 
were made to the test site in order to 
observe the growth of the newly sown 
barley. There was poor germination 
of the seed, and growth was very 
spotty at certain locations. The crop 
developed best in areas where there 
was minimum mineralization. Strips 
of more abundant and taller barley 
were observed on the dikes separating 
the various loaded beds. These dikes 
received only dried sludge from the 
discing operation, while the adjacent 
beds absorbed the water of high salin- 
ity of the sludge. Typical soil tests 
from areas of poor and good barley 
growth revealed conductivities of the 
soil extracts to be approximately 2.0 
millimhos per cm in the area of poor 
growth and 1.34 millimhos per cm in 
the area of good growth. Sodium per- 
centages for the two samples were 30 
and 37, respectively. 

The control sections of the test 
plot where no sludge had been applied 
provided poor germination and poor 
growth, indicating that the barren 
sandy soil, as expected, would not 
support a good growth of barley. 

Only 1.5 inches of added irrigation 
water were applied during the first 
2 months following planting. The lat- 
ter, larger applications of well water 
could not overcome the early lack of 
adequate leaching water. The quality 
of the highly saline well waters in the 
Tijuana region indicate that relatively 
large volumes would be required for 
leaching objectionable soil salinities 
to tolerant levels. The most signifi- 
cant fact learned from these tests is 
that it is imperative that adequate 
leaching either by rainfall or irriga- 
tion water be provided to remove the 
high salinity concentrations. 

The first barley crop was harvested 
on April 12, 1956, after 144 days’ 
growth. Typical cuttings from the 
several plots were gathered and 
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UNLOADING at the test area by gravity. 


weighed. Table 3 summarizes these 
data. The results show that all sludge 
applications improved the yield over 
that from the area of no loading. Cut- 
tings from areas of 10 tons of dry 
solids per acre loadings gave the most 
consistant results, while cuttings from 
the areas of 50, 75, and 100 tons of 
dry solids per acre gave the greatest 
variations. The weight of cuttings 
from sludge application of 50 tons of 
dry solids per acre was the greatest 
but no evidence exists that with prop- 
er loading and subsequent leaching 
70 or 100 tons dry solids per acre 
would not be equally satisfactory for 
a sandy soil such as existed in the 
test site. 

The data also indicate that the addi- 
tion of a commercial fertilizer (am- 
monium sulphate) had no consistent 
effect on the growth of the barley at 
the higher loadings. 

In July, 1956, the test site, without 
further sludge additions, was pre- 
pared for a second crop. Young to- 
mato plants were set out, and their 
growth was dependent upon the re- 
sidual sludge in the soil from the first 
application in which the barley had 


TABL 


been raised. The tomato crop was 
reported to be far superior to those 
picked from plants grown in the area 
where sludge had not been used, even 
though supplemental commercial fer- 
tilizer had been used on the entire 
site. 


Second Application 


In preparation for a second sludge 
application at high rates, the test site 
was scraped with a bull-dozer and top 
material so removed was used to in- 
crease the height of the berms. There 
is little doubt but what much of the 
sludge applied early in the first year 
of operation found its way into the 
berms. 

The soil samples taken following 
berming of the field in February, 
1957, were analyzed. The per cent 
moisture ranged from 20.27 to 2.71 
and was consistently higher than it 
was in November, 1955, shortly after 
the original application of sludge. The 
per cent organic matter ranged from 
0.42 to 6.70 and was consistently less 
than it was at the prior date as ex- 
pected as a result of the method of 
site preparation. The mineralization, 
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SLUDGE SPREADING DATA 





Total Tons of 
Dry Solids 
Applied 


Area of Plot 
in Acres 


Average Loading 
Tons Dry Solids 
Per Acre 





59.8 
34.8 
50.8 
64.33 
1.53 
0.81 


1.0625 53 
1.2741 28 
0.52 98 
0.846 76 
0.101 15 
0.0778 10 








as measured by conductivity, ranged 
from 0.15 to 0.69 millimhos per cm, 
and indicated that the. conductivity 
had returned to values existing before 
the original application of sludge. 
When compared with values obtained 
in April, 1956 or approximately at 
the end of the first growing season, 
the conductivities were found to be 
less and showed the effect of irriga- 
tion with local water during the rais- 
ing of a crop of tomatoes. The con- 
ductivity of the local water used was 
3.0 millimhos per cm. Further affect- 
ing the reduction in conductivity was 
the rainfall of January, 1957, of 4.35 
in. 

As previously described, during the 
1955-56 tests, sludge loadings as high 
as 100 tons of dry solids per acre had 
been used. At that time, it was de- 
termined that these high loadings did 
not have any ill effects upon the 
growth of plants provided there was 
suitable pre-irrigation and leaching 
of the soil to remove excess dissolved 
solids. In February, 1957, loadings 
from 60 to 300 tons of dry solids per 
acre were applied to portions of the 
site previously sludged to determine 


if it would be satisfactory to use land 
areas for continued disposal of sludge 
without resultant problems. The por- 
tions of the site receiving the second 
sludge loading are designated as T1, 
T3, T6, T8 and the quantity of sludge 
applied is shown in Table 4. 

The termination of this project pre- 
vented the continuation of observa- 
tions on the results of such loadings. 
However, thus far there is no infor- 
mation to indicate that any serious 
problem has developed as a result of 
continuing such high loadings on the 
same site. At the close of project ac- 
tivities, June 30, 1957, the second 
sludge application had dried within 
the test area and the cooperating 
farmer had plowed the sludge into 
the soil. As described, the sludge was 
applied to the land, allowed to dry 
for a period normally involving 30 
days, and then plowed back into the 
soil. No public health problem or 
nuisance developed. No significant 
fly problems developed. However, 
large numbers of small flies were ob- 
served. These flies occurred during 
the harvesting operations associated 
with the packing of corn and other 





TABLE 3 
BARLEY GROWTH DATA 





Approx. Sludge 
Loading, Tons 
D.S. Per Acre 


Plot Station 


Sludge Only 
Lbs. (Dry) Per 25 Sq. Ft. Lbs. (Dry) Per 25 Sq. Ft. 


Station 


Sludge + Nitrogen 


Average Station Average 





A 4.94 
6.59 
4.33 
9.65 
7.15 


4.83 
8.04 





2.45 
3.6! 
3.32 
3.35 


4.82. 
6.93 
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vegetables. They were localized on 
sludge areas that were wet but just 
free of surface moisture. The flies dis- 
appeared as soon as the surface dried. 
Careful investigation has not indi- 
cated any correlation between the 
sludge spreading operation and the 
presence of these small flies. When 
packing operations were completed 
near the sludge disposal site, no fur- 
ther flies were observed. 

The odor of well-digested sludge is 
tarry, but inoffensive. It varies slight- 
ly in its characteristics. There was a 
slight musty odor present when the 
sludge was spread upon the soil. After 
a period of 2 to 3 weeks, when the 
sludge had almost dried, the odors 
disappeared completely. 

The local health department col- 
lected samples of the well waters ad- 
jacent to the test site. The water sam- 
ples from most of the wells were neg- 
ative. These data are inconclusive ; 
however, since many of these wells 
are used only intermittently it is be- 
lieved that coliform counts are direct- 
ly related to sanitary conditions. 


Costs 


The processing of sludge at a treat- 
ment plant represents a significant 
amount of the total expenditure for 
sewage treatment. The San Diego 
installation is typical of the sludge 
handling procedure utilized at similar 
large plants. The settled sludge from 
this primary treatment works is in- 
troduced into the primary sludge di- 
gestion tanks where it is held at 85 
deg. Fahr. for a period of about 15 
days, and then the sludge is trans- 
ferred to secondary digestion tanks 
for an additional 15-day period. The 
sludge was formerly elutriated and 
then dewatered on vacuum filters and 
heat dried. The sludge was then 
packaged and sold under private con- 
tract to a fertilizer firm which dis- 
tributed it to agriculturists as a soil 
conditioner. 

The estimated cost at San Diego 
for such processing of the digested 
sludge during the year 1953-54 was 
reported to be $39.15 per ton of dry 
solids handled. Approximately half 
of this represents labor costs. The 
cost of alternative disposal ot tne 
liquid digested sludge is dependent 
upon (1) the concentration of dry 
solids present in the liquid sludge, 
(2) the distance which the sludge 
must be transported, and (3) inci- 
dental expenditures that may be in- 
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curred. The cost for hauling sludge 
of an average of 6.48 per cent solids 
by private contract from the treat- 
ment plant to the Tijuana site is now 
3.7 mills per gallon. This amounts to 
a total cost of $23.03 per ton of dry 
solids, including all overhead costs. 

The change-over from fertilizer 
production to land disposal of the 
liquid sludge has thus resulted in a 
cost reduction of $16.12 per ton of 
dry solids, or approximately $48,400 
per year. Whereas 31 per cent of 
the plant budget originally was allo- 
cated to the fertilizer operation, now 
but 11 per cent is allocated to sludge 
disposal. 


Further Investigation 


The obtaining of quantitative in- 
formation on plant growth requires 
years of carefully carried out tests in 
what agriculturists commonly call 
“replicated plots”. Such plots involve 
the multiple planting of certain plants 
under uniform conditions of soil, fer- 
tilization, and irrigation. Replicated 
plots were established on the grounds 
of the San Diego Sewage Treatment 
Plant so that plant personnel could 
conveniently supervise thé spreading 
of the sludge, the necessary planting, 
and the sampling of the plots. 

The selected location for the repli- 
cated plots was an area adjacent to 
the primary clarifiers. Surface debris 
was first removed, and the area was 
then graded. A hand cultivator was 
then used to loosen the soil. Through 
the construction of a system of dikes, 
a block of 25 replicated plots was 
formed. Each plot measured 10 ft by 
10 ft. In preparing the plots, it was 
found that the soil conditions were 
extremely variable since the area con- 
tained dredged soils from the bottom 
of the bay. 

Various amounts of sludge or am- 
monium phosphate (16-20) was then 
applied to the plots in a planned pat- 
tern. A hand cultivator was then 
again employed to mix the sludge and 
fertilizer with the soil. Leaching was 
accomplished through the application 
of 6 in. of local water. Commercial 
fertilizer was not applied to any of 
the plots until after leaching. 

Analyses were performed to de- 
termine the conductivity and percent 
sodium of soil samples taken from 
within the replicated plots, both be- 
fore and after sludge application and 
leaching. In summary, it may be 
stated that the application of sludge. 
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TABLE 4 
SUMMARY FOR SLUDGE SPREADING DATA AT 
TIJUANA TEST SITE 





First Sludge Loading Second Sludge Loading 


Area in 


July-August, 1955 


Total Sludge Loading 
February 1957 





Acres 


Dry Solids Applied 


Dry Solids Applied Dry Solids Applied 





Tons per 


Tons Acre 


Tons per 


Tons per 
Tons Acre Tons Acre 





“| 0.4 39.0 98 
3 0.4 30.4 76 
T-6 0.4 11.0 28 
-8 0.6 33.7 56 


311.8 
197.7 

62.0 
146.2 


124.7 
79.1 
24.8 
87.7 


163.7 410 
109.5 275 

35.8 90 
121.4 200 





followed by leaching, brought about 
a more uniform soil conductivity than 
existed before leaching. The maxi- 
mum at the 3-in. level was 3.1 mil- 
limhos per cm, and at the 5-in. level 
6.9 millimhos per cm. 

The replicated plots were then 
planted with barley at a rate of 80 Ib 
of seed per acre, on November 13, 
1956. The growing period was ap- 
proximately 4 months. About 19 in. 
of irrigation water were applied, of 
which 13.6 were derived from the 
local supply, 5.4 from rainfall. 

The havesting procedure used was 
to cut a 5 ft by 5 ft portion from the 
center of each of the 25 plots. This 
was done to avoid the influence of 
one plot on the other along the com- 
mon boundaries. 

The cut samples were weighed wet 
and then again after drying, and 
moisture contents were computed. In 
general, the best growth was obtained 
with commercial ammonium phos- 
phate (16-20) applied at a rate of 
400 Ib per acre. Almost as good 
growth was obtained with the sludge 
loading rate of 100 tons of dry solids 
per acre. It was noted also that the 
use of 25 and 50 tons of dry solids 
per acre resulted in improved plant 
growth. 

As a result of the replicated plot 
tests, no definitive, quantitative infor- 
mation can be presented. However, 
one of the clear facts that has been 
developed is that high dosages of 
sludge fertilizer, or sludge soil condi- 
tioner, do not in any way appear to 
harm barley growth. The amount of 
nitrogen as N added by sludging was 
approximately 80 times the amount 
added by using commercial fertilizer. 
The amount of phosphorus as P2 O; 
added by sludging was approximately 
140 times the amount added by using 
commercial fertilizer. Additional rep- 
licated plot tests would have to be 
repeated over a period of years in 


order to establish additional basic in- 
formation. ! 


Summary 

The value of organic matter as 
humus in the soil for maintaining and 
storing moisture is well known. The 
results of the San Diego work have 
strengthened and confirmed the value 
of sludge reclamation. The City of 
San Diego has found land disposal 
to be a satisfactory and practical 
method of utilizing the liquid digested 
sludge produced at its treatment 
plant. Sludge conditioning and dry- 
ing facilities have been shut down, 
and all the sludge produced now is 
being utilized for the improvement of 
soils. In summary, it is believed that 
the San Diego liquid sludge disposal 
operations have shown that 


(a) it is possible to reclaim waste 
land: for agricultural purposes 
with the application of liquid, 
digested sludge of reasonable 
solids concentration at a cost 
less than that for producing a 
dried sludge product ; 
it is possible to apply sludge 
loadings as high as 100 tons 
of dry solids per acre without 
in any way impairing crop 
growth; 
it is possible to apply sludge 
loadings as low as 25 tons of 
dry solids per acre to produce 
crop growth comparable to the 
growth achieved by the use of 
commercial fertilizer at con- 
ventional application rates ; 


it is possible to grow at least a 
second, superior crop because 
of the residual fertilization af- 
forded by an initial sludging 
at a rate as low as 50 tons of 
dry solids per acre; 

it is possible to avoid all seri- 
ous sludge handling or nuis- 
ance problems. 





Sludge Digestion 


by ERVIN HINDIN and G. H. DUNSTAN 


Asst. San. Chemist and Head, San. Eng. Sec., State College of Washington, Pullman, Wash. 


@ Many ComMMUNITIES are experi- 
encing a population growth rate 
greater than that predicted at time of 
design of their sewage treatment facil- 
ities. Due to this unforeseeable in- 
crease, many urban centers are find- 
ing their treatment plants taxed to 
capacity. Treatment plants existing 
under such conditions are confronted 
by a variety of operational difficulties. 
One of the more serious problems is 
that of overloaded digester operation. 

There are two ways in which the 
increased quantity of raw sludge 
may be accommodated. The sludge 
may be thickened to a degree where 
the original detention time may be 
maintained. An alternate method, 
and more commonly used, is to de- 
crease the detention time. 

Thus, a multiphased study was un- 
dertaken to determine the effect of 
changes in loading rate and changes 
in detention time on the anaerobic 
process. 

Although both ways of handling 
the increased volume of sludge are 
based on the consumption of more 
solids by the microorganisms, the 
paths of digestion differ slightly. Rec- 
ognizing the differences, each method 
will be discussed independently. 
Equipment used and operational pro- 
cedures were identical for both meth- 
ods. 


Procedures 


The study was conducted in dupli- 
cate using laboratory scale digesters. 
The digesters were heated and oper- 
ated as single stage units. The raw 
sludge was composed of domestic 
sewage solids and microbial matter 
sluffed off a high rate trickling filter. 

The digesters were started by using 
one-half the computed volume of raw 
sludge for the maximum detention 
time and the minimum loading inves- 
tigated, and gradually the rate of 
solids addition increased so that after 


six weeks, the digesters were being 
fed the computed volume of sludge. 

The supernatant displaced by the 
addition of raw sludge was examined 
for its chemical characteristics. The 
digester gas was collected in a brine 
displacement type gasometer and 
quantitatively and qualitatively meas- 
ured. The digested sludge was with- 
drawn bi-weekly at which time the 
volatile solids content measured. All 
methods of analysis were according 
to Standard Methods except the sepa- 
ration of volatile acids * ? °. 

Each lot of raw sludge was exam- 
ined for its solids content. The raw 
sludge throughout the entire study 
contained at least 5.4 per cent of total 
solids, of which 73 + 3 per cent were 
volatile. 


Loading Phase 

Loading rates selected for investi- 
gation were 0.05, 0.075, 0.10, 0.11 and 
0.135 Ib of volatile matter per cu ft 
of digester capacity per day. The de- 
tention time was held constant at 33 
days. Thickening was used at load- 
ings in excess of 0.075 Ib of volatile 
matter per cu ft of digester capacity 
per day while carrier water was used 
as a dilutant at the 0.05 Ib loading 
rate. 

The 0.05 Ib of volatile matter load- 
ing rate served as a good basis for 
comparison as the sludge at this load- 
ing approached the practical limit of 
digestion. From the operational point 
of view, this value would be the low- 
est loading rate which would be prac- 
ticable. 

The data presented in Table 1 are 
average values of chemical indices of 
the constituents from the digestion 
process. The averages are results of 
the data only after the digesters had 
come to dynamic equilibrium for the 
specific loading rate. 

There are a number of chemical 
characteristics used to indicate cur- 


rent digester conditions. Total vola- 
tile acids concentration is 4 most use- 
ful characteristic for this purpose. It 
has been shown by a number of inves- 
tigators that when the acid content 
exceeds 2,000 mg/1 as acetic acid, gas 
production decreases*®. In load- 
ing rate phase of the study, a decrease 
in gas production occurred at the 0.11 
Ib loading rate where the total vola- 
tile acid concentration was 2,028 mg/1 
as acetic acid. Although the quality 
of gas produced rose steadily to the 
0.10 Ib loading rate, the quantity of 
gas per lb of volatile matter decreased. 
The decrease in quantity of gas indi- 
cated that the soluble digestable mat- 
ter was being lost by way of the 
supernatant and/or the sludge was 
not being digested as thorotighly. 

By thickening the sludge, not only 
is a considerable quantity of water re- 
moved, but also soluble readily di- 
gested matter. The alkalinity in- 
creased as the loading rate increased 
due to the increase in the relative 
amount of nitrogenous matter in the 
feed. 

Throughout this phase of the study, 
the pH varied less than 0.1 of a stand- 
ard unit. This can be attributed to an 
increasing alkalinity which counter- 
acted the increase in the total volatile 
acids concentration. 

The volatile acids are substances 
from which digester gas is formed. 
A change in the relative amounts of 
the individual acids will have a bear- 
ing on the quality of the gas produced. 
Propionic, butyric and acetic acids 
are in preponderance in the super- 
natant. The prevailing total volatile 
acids content will determine to a large 
extent, the ratio between the three 
major acids. 

In the last analysis, the stability of 
the digested sludge is the prime cri- 
teria of digester operation. Generally 
a digested sludge of a volatile solids 
content in excess of 50 percent will 
present disposal difficulties. The only 


W.&S.W.—REFERENCE NUMBER— 1960 





R-300 


A Nalco PRODUCT MANAGER 





Answers Basic Questions on Coagulation 
of Solids in Potable, Process and Waste Waters 


New Chemicals and New Techniques 
Mark Advances in Solving 
A Frequent Plant Operating Problem 


Improved methods of chemical clarification are con- 
stantly being developed, tested, and put into full- 
scale commercial use. Here are answers to some of the 
questions we hear frequently in this area of Nalco 
service activity. 


Question: What is coagulation? 


Answer: Coagulation is the agglomeration—chemical 
gathering together—of the very fine solid particles 
suspended in water. These particles create turbidity, 
coloring, and some types of odors. 


‘Question: What are the advantages of coagulation 
over sedimentation? 


Answer: Speed, more effective clarification, and 
smaller capital equipment investment are a!l advan- 
tages of coagulation over sedimentation. 


Question: Are all coagulation requirements the same? 
Answer: No. In some cases, a high degree of sparkling 
clarification is essential. In others, a lesser degree of 
clarification is satisfactory. Sometimes, the removal 
of color is the only job to be done. Seasonal and other 
changes in water and turbidity characteristics also 
change the type and amount of treating necessary. 
Overall quality of the water must be compatible with 
the end-use requirements—not based on a fixed 
“cure-all’”’ treatment program. 


Question: What are the characteristics of a good coag- 
ulation program? 

Answer: Continuous production of water of the neces- 
sary clarity and quality to meet end-use requirements; 
with the flexibility to handle changing conditions in 
input water characteristics. A good coagulation pro- 
gram should also increase the length of filter runs. 


Question: Historically, what coagulant chemicals have 
been used? 

Answer: Most common chemicals used as coagulants 
were: iron salts, alum (aluminum sulfate), and lime 
(calcium hydroxide). 


Question: What are some of the more recent improve- 
ments in the field of coagulation? 


Answer: Sodium aluminate is probably the first of 
the “‘modern’”’ coagulants. It supplies an alkaline 
source of alumina with a negative (anionic) charge, 
and constitutes a coagulant which ideally meets the 
requirements of principal coagulation process uses— 
frequently with alum, to improve floccing and give 
faster settling rates at lower overall costs. 

Natural and synthetic organic polymers are the 
most recently-developed coagulant chemicals. They 
are high molecular weight materials which are anionic, 
cationic, or nonionic; and function as high-efficiency 
coagulant aids. Or, as is true with the cationic poly- 
electrolyte developed by Nalco, they may function as 
both coagulants and coagulant aids. Use of these mate- 
rials provides greatly increased floc particle size and 
weight, resulting in increased clarity, longer filter runs, 
and increased throughput rates. 


Question: Will any of these newer coagulant chemi- 
cals solve all clarification problems? 


Answer: No. There is no all-purpose coagulant chemi- 


W.&S.W.—REFERENCE NUMBER—1960 


J. T. Burke, Manager 
Nalco Coagulation Chemicals Department 


cal; nor is there likely to be one. Too many variables 
enter into the choice of proper chemicals to fit specific 
operating conditions: from the type of influent water 
through kinds and arrangements of equipment to the 
clarity needs of effluent water. 


Question: What is the best approach to solving a spe- 
cific coagulation problem? 

Answer: Take all the factors involved, and accumu- 
late specific information on them: (a) Make a thor- 
ough investigation of the supply water, the equipment 
employed, the end use of the water, and the perform- 
ance characteristics of chemicals available for coagu- 
lation and coagulation aid. (b) Test coagulation with 
various chemicals by beaker tests and other laboratory 
evaluation techniques. Evaluation should include 
analysis of waters produced, to make certain that the 
quality is compatible with end-use requirements. 
(c) Get the advice and assistance of experts as to 
methods and locations of applying chemical treat- 
ments to get maximum coagulation efficiency. 


Question: Does Nalco provide the experts to gather 
this information? 

Answer: Yes—in addition Nalco supplies the most 
complete line of coagulants and coagulant aids in the 
industry. 


Question: How is Nalco qualified to help solve coagu- 
lation problems? 
Answer: Nalco’s basic background is successful water 
treatment. The Coagulation Chemicals Department 
at Nalco is made up of “‘specialists’ specialists’: men 
whose sole job is to provide Nalco Representatives 
and their customers with the materials and assistance 
necessary to solve coagulation problems. 

No other organization has more experience or better 
facilities to solve your coagulation problem, promptly 
and economically. Call or write for action now. 


NALCO CHEMICAL COMPANY 
6216 West 66th Place ~ Chicago 38, Illinois 
Subsidiaries in England, Italy, Mexico, Spain, Venezuela 
and West Germany 
In Canada—Alchem Limited, 
® Burlington, Ontario 


++. Serving Industry through 
Practical Applied Science 


SERVICES 
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time the sludge was objectionable was 
when the digester was operating in 
the 0.135 pound loading level. 

The organic content of the sludge 
increased as the loading increased. 
The increase, although small, mani- 
fested itself greatly as to its quality. 

The efficiency of the digester did 
not vary appreciably from the 0.05 
to the 0.10 pound loading level. At 
the 0.11 pound loading level where 
the total volatile acids were in excess 
of 2,000 mg/1 as acetic acid a drop 
of 8 percent in the efficiency of diges- 
tion from the previous level was 


noted. As the loading rate increased, 
the efficiency decreasec. The decrease 
was greater beyond the 0.11 pound 
of volatile matter loading rate. 


Detention Time 
The detention times examined were 


90, 60, 30, 20, 10 and 5 days with a 
loading of 0.075 Ib of volatile matter 
per cubic foot of digester capacity 
per day. 

As in the loading phase, the investi- 
gations were started at such a point 
where the digesters were operating 
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at or approaching the practical limit 
of digestion. Such conditions existed 
at the 90 day level. 

The data presented in Table 2 are 
average values obtained after the di- 
gesters had come to dynamic equilib- 
rium for the specific detention time. 
The loading phase of this study indi- 
cated the desirability of a more de- 
tailed study of some to the chemical 
characteristics of digestion. 

Gas production increased with a 
decrease in detention time up to the 
level where the total volatile acids ex- 
ceeded 2,000 mg/I as acetic acid. A 
reduction in the quality of the gas 
occurred as the detention time de- 
creased. At the 10 day detention time 
level the gas burned with difficulty 
and was malodorous, while at the 5 
day level, the gas, did not burn and 
the odor was highly objectionable. 

The quality of supernatant de- 
creased as the detention time de- 
creased. The total volatile acids 
varied from 37 mg/l at 90 days to 
5519 mg/l at 5 days. As the acid 
concentration increased so did the 
BOD which was dependent on the 
soluble and colloidal organic matter 
in solution. A decrease in detention 
time brought about a decrease in the 
alkalinity and ammonia nitrogen con- 
tent. This decrease was expected as 
there was insufficient time for com- 
plete anaerobic decomposition of the 
nitrogenous matter. Incomplete de- 
composition due to decreasing deten- 
tion time was also reflected in an in- 
creasing settleable solids content of 
the supernatant. A decrease in the 





TABLE | 
Results of Loading Study 








LOADING 
LB OF VOLATILE MATTER/CU FT DIGESTER CAPACITY/DAY 





0.075 


0. 


10 0.11 





Gas 
Gas Production-cu ft/Lb Volatile Matter/Day 


Gas Production-cu ft/Day 
% COs and HeS 
Supernatant 

pH 

Alkalinity mg/1 CaCOs 
Total Volatile Acids-mq/! Acetic Acid 
% Butyric Acid 

% Propionic Acid 

% Acetic Acid 

% Formic Acid 

% Lactic Acid 


8.66 
0.633 
33 


7.39 
4184 
501 
10.02 
25.29 
63.0! 
0.87 
0.79 


7.88 
0. 


36 


7.41 
4531 
1747 
12.44 
29. 
58. 

0.40 

0.27 


6.59 
0.725 
37 


788 


7.44 
6383 
2028 

14.36 
29.83 
55.39 

0.22 

0.20 


73 
38 





Digested Sludge 
%o Volatile Solids in Digested Sludge 


39 


44 


48 55 





Digester Efficiency 
% Reduction of Volatile Solids Added 


77 


76 


70 60 
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pH was expected due to an increas- 
ing volatile acid concentration and a 
declining alkalinity. A relatively 
slight change in pH occurred between 
90 and 30 days. It wasn’t until the 
20 day detention time level that the 
buffering capacity of the system was 
materially affected. The pH became 
critical for growth of the methane 
bacteria at the 5 day detention time 
level. Butyric and propionic acids 
were found in trace quantities at the 
90 day level. At a detention time of 
60 days or less butyric, propionic and 
acetic were in preponderance. Pro- 
pionic and butyric acids increased 
while acetic acid decreased in rela- 
tive amounts as the detention time de- 
creased. The change in the relative 
quantity of the individual acids was 
reflected in the alteration of the gas 
quality. 

The digested sludge produced was 
of good quality up to the 20 day de- 
tention time level. At this point, 42 
percent of the solids were volatile, had 
a definite putrescible odor and did 
not dewater well. At the 5 day deten- 
tion time level, the digested sludge 
contained about as much volatile 
solids as did the raw sludge. 

The practical limit of digestion oc- 
curs when 90 percent of the volatile 
matter which has been added is re- 
duced. The maximum efficiency ob- 
tained in this phase of the study was 
86 percent at the 90 day detention 


time level. The efficiency varied 
slightly from this value up to the 20 
day level. Beyond the 20 day deten- 
tion time level the efficiency declined 
rapidly such that for all practical 
purposes the digester was not func- 
tioning after the 5 day detention time 
level was reached. 


Conclusion 


The use of thickened sludge or de- 
creasing the time of digestion to ac- 
commodate increased sludge volume 
should be used with discretion. The 
increase strength of the supernatant 
returned for additional treatment 
may place an undue burden on the 
other treatment units. 


The single stage anaerobic digester 
can treat raw sludge efficiently if the 
detention time is not much less than 
30 days and if the loading is in the 
range of 0.075 to 0.10 Ib of volatile 
matter per cubic foot of digester ca- 
pacity per day. 

At present, the total volatile or- 
ganic acid content is the best indi- 
cator of the condition of digestion. 
The action of the gas producing bac- 
teria is seriously curtailed when the 
volatile acids content exceeds 2,000 
mg/I as acetic acid. 

In order to obtain a complete pic- 
ture of digester conditions all indices 
in add:tion to the composition of the 
raw sludge must be considered. All 


the chemical indices are interdepend- 
ent. The nature and quantity of the 
raw sludge and the number and vari- 
ety of the microorganisms present will 
determine the quantity and quality 
of the intermediate products, i.e., the 
various volatile acids, organic nitro- 
gen compounds and products causing 
alkalinity. The intermediate products 
will in turn determine the quantity 
and quality of the final products, i.e., 
digester gas, digested sludge and the 
soluble inorganic components found 
in the alkalinity. 

This research was supported in 
part by research grant number RG 
4822-C-1, USPHS, Division of Re- 
search Grants and Fellowships, Na- 
tional Institutes of Health. 
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TABLE 2 
Results of Detention Time Study 
Detention Time-Days 

















90 60 30 20 10 5 
Gas 
Gas Production-Cu ft/Lb. Volatile Matter/Day 3.90 4.92 7.50 8.49 7.22 5.77 
> HeS 7 8 8 9 12 15 
%o COs 25 26 28 29 31 37 
Supernatant 
pH 7.51 747 745 7.28 6.33 5.15 
Alkalinity mg/! CaCOs 4991 4640 4484 4295 3353 2075 
Ammonia-Nitrogen-mg/1! N 1215 1079 1029 938 921 518 
Total Volatile Acids-ma/! Acetic Acid 37 324 721 1405 3972 5519 
% Butyric Acid 2.56 9.88 9.49 15.00 24.85 25.17 
% Propionic Acid 3.23 23.23 28.00 26.17 35.78 39.91 
% Acetic Acid 59.31 63.05 61.66 47.56 38.55 34.10 
% Formic Acid 20.84 2.11 0.54 0.67 0.51 0.43 
% Lactic Acid 14.06 1.24 0.33 0.60 0.11 0.40 
Settleable Solid % i 33 55 62 70 72 
5-Day B.O.D. mg/! 1464 1738 3036 608! 8527 11014 
Digested Sludge 
%o Volatile Solids in Sludge 29 34 35 42 66 70 
Digester Efficiency 
% Reduction of Volatile Solids Added 86 84 83 79 31 14 
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LIBERTY, N. Y. 
GLEN COVE, N. Y. 
GLOUCESTER CITY, N. J. 
BUCKLIN POINT, R. I. 
MONTICELLO, N. Y. 
WYOMISSING VALLEY, PA. 
EAST PROVIDENCE, R. I. 
PATCHOGUE, N. Y. 
FAIRFAX COUNTY, VA. 
(WESTGATE PLANT) 


BURLINGTON, VT. 
(SOUTH END PLANT) 


LEVITTOWN, PA. 
YORK, PA. 
EDGEWATER, N. J. 
WEST NEW YORK, N. J. 
DARBY CREEK, PA. 
BEDFORD, OHIO 
WOODBRIDGE, N. J. 
PERTH AMBOY, N. J. 
WILLIAMSPORT, PA. 
(CENTRAL PLANT) 
WILLIAMSPORT, PA. 
(WEST PLANT) 
BAYONNE, N. J. 
LIMA, OHIO 
CONSHOHOCKEN, PA. 
ST. CHARLES, ILL. 
BEAVERCREEK, 


MONTGOMERY COUNTY, 
OHIO 


GALION, OHIO 
KALAMAZOO, MICH. 
MT. PENN, PA. 
MIAMI, FLORIDA 
WILLIAMSTON, MICH. 
NORRISTOWN, PA. 
ASHTABULA, OHIO 
MERRILL, WIS. 
GROTON, CONN. 
NEW ROCHELLE, 
SPEEDWAY, IND. 
KEWASKUM, WIS. 
ERIE, PA. 


COILFILTER INSTALLATIONS 


CORAL GABLES, FLA. 
STEUBENVILLE, OHIO 
DAYTON, OHIO 
KOKOMO, IND. 
UNION CITY, TENN. 
LORAIN, OHIO 
PERRYVILLE, MO. 
DELPHOS, OHIO 
MARIETTA, OHIO 
JERSEY CITY, N. J. 
ALEXANDRIA, VA. 
HATBORO, PA. 
CHICAGO HEIGHTS, ILL. 
FRANKFORT, IND. 
CORPUS CHRISTI, TEX. 
(OSO PLANT) 
CHARLESTON, W. VA. 
PETERSBURG, VA. 
NEWPORT, R. I. 
CONNERSVILLE, IND. 
WINNIPEG, MANITOBA, CAN. 
INDIANAPOLIS, IND. 
SHADYSIDE, OHIO 
CHARLESTON, MO. 
CALIFORNIA, MO. 
FARIBAULT, MINN. 


PARTRIDGE LAKES 
DEVELOPMENT, 
HOYT LAKES, MINN. 


NORTH MIAMI, FLA. 
COLUMBUS, OHIO 
CAROL CITY, FLA. 
NEWTON, KANSAS 
SIDNEY, OHIO 
MONROE CITY, MO. 
MISSION, KAN. 
BLYTHEVILLE, ARK. 
PORTSMOUTH, OHIO 
ARLINGTON, TEXAS 
FAIRFAX COUNTY, VA. 
(LITTLE HUNTING CREEK) 


FAIRFAX COUNTY, VA. 
(DOGUE CREEK) 


HUNTINGTON, N. Y. 


CLOQUET, MINN. 
LIVINGSTON, N. J. 


FAIRFAX COUNTY, VA. 
(UPPER PIMMIT RUN) 


MANCHESTER, CONN. 
MILFORD, DEL. 
MIDDLETOWN, OHIO 
MCHENRY, ILL. 
CLINTON TWP., MICH., STP. #1 
CLINTON TWP., MICH., STP. #2 
LYNCHBURG, VA. 
EAST LIVERPOOL, OHIO 
FARMINGTON, ILL. 
CARROLLTON SUBDIVISION, 
ST. LOUIS CO., MO. 
CAYUGA HEIGHTS, N. Y. 
COLLINGSWOOD, N. J. 
BELTON, MO. 
EL DORADO, KAN. 
LOUISVILLE, KY. 
TRENTON, MO. 
HADDON TWP., N. J. 
NORTH BATTLEFORD, 
SASKATCHEWAN, CAN. 
NASHVILLE, TENN. 
MOUNDSVILLE, W. VA. 


PENN. STATE UNIVERSITY, 
UNIVERSITY PARK, PA. 


TREASURE ISLAND, FLA. 
CAMPBELL, OHIO 
PIQUA, OHIO 

SUPERIOR, WIS. 

HIGH POINT, N. C. 


MONTGOMERY CoO., OHIO 
(MORAINE PLANT) 


GREENSBORO, N. C. 

(SO. BUFFALO CREEK) 
NEENAH-MENASHA, WIS. 
MILFORD, MASS. 

ABINGTON, PA. 
LACKAWANNA, N. Y. 
RIDGELAND WATER SERVICE 

COMPANY, PALOS, ILL. 

WARREN, MICH. 


Installations Printed in Green are Fresh Solids Dewatering Plants 





PENTAGON BUILDING, 
WASHINGTON, D. Cc. 
HASTINGS, NEB. 
CARTHAGE, MO. 
HAMILTON, OHIO 
OKLAHOMA CITY, OKLA. 
(NORTHSIDE PLANT) 
SALEM, ILL. 
CLEARWATER, FLA. 
WINCHESTER, VA. 
CARLISLE, PA. 
BETHEL, PA. 
CORSICANA, TEXAS 
ELIZABETHTON, TENN. 
LEBANON, IND. 
RESOURCES DEVELOPMENT 
CORP., WILLINGBORO 
TWP., N. J. 
COZAD, NEB. 
YORKVILLE, OHIO 
TWO HARBORS, MINN. 
BELVIDERE, ILL. 
EAST RIDGE, TENN. 
SEWICKLEY, PA. 
DUBUQUE, IOWA 
EASTON, PA. 
SPRING VALLEY, N. Y. 
ASHLAND, OHIO 


WILLIMANTIC, CONN. 
ELIZABETH, PA. 
PENN HILLS TWP., PA. 

(SANDY CREEK PLANT) 
NASSAU COUNTY SEWAGE 

DISPLANT #2, 

EAST ROCKAWAY, N. Y. 
ZANESVILLE, OHIO 
BEDFORD HEIGHTS, OHIO 
SUFFERN, N. Y. 
BEATRICE, NEB. 
MANSFIELD, OHIO 
TRAVERSE CITY, MICH. 
SANDUSKY, OHIO 
ORANGE CITY, IOWA 
WEST LAFAYETTE, IND. 
NORFOLK, NEB. 


COILFILTER INSTALLATIONS 


WHITEMARSH, PA. 


BADEN, PA. 

MARCELINE, MO. 

OMAHA, NEB. 
MANITOWOC, WISC. 
SUPERIOR, NEB. 
OGALLALA, NEB. 

REGINA, SASKATCHEWAN, 

CAN. 

KIAMESHA LAKE, N. Y. 
JONESBORO, ARK. 
HOLDREDGE, NEB. 
BOONE, IOWA 

TORONTO, ONTARIO, CAN. 

(NORTH TORONTO 

SEWAGE TREATMENT 

WORKS) 

MOKENA, ILL. 
FAIRBURY, NEB. 
SOMERSET-RARITAN VALLEY 

SEWERAGE COMMISSION, 

SOMERVILLE, N. J. 
MARTIN, TENN. 
ROCHESTER, N. Y. 
MUSKEGON, MICH. 
SPRING VALLEY, ILL. 
POUGHKEEPSIE, N. Y. 
BURLINGTON, IOWA 
WEIRTON, W. VA. 

NEW ALBANY, IND. 
EAST LANSING, MICH. 
WILLOWBROOK STATE 

SCHOOL, 

STATEN ISLAND, N. Y. 
BRANTFORD, ONT., CAN. 
LITTLE ROCK, ARK. 
MADEIRA BEACH, FLA. 
THOMPSON, MANITOBA, CAN. 
BURLINGTON, VT. 

(NORTH END PLANT) 
TONAWANDA, N. Y. 
ITASCA, ILL. 

MILFORD, CONN. 
BINGHAMTON, N. Y. 
SHELBYVILLE, IND. 


JOPLIN, MO. 

(SHOAL CREEK PLANT) 
JOPLIN, MO. 

(TURKEY CREEK PLANT) 
MINGO JUNCTION, OHIO 
ALLIANCE, OHIO 


BURLINGTON, N. C. 
AURORA, MO. 


LOUISIANA, MO. 

HOPEWELL, VA. 

PENN HILLS TWP., PA. 
(GASCOLA PLANT) 

MACON, MO. 

WATERLOO, ONTARIO, CAN. 

KITCHENER, ONTARIO, CAN. 

BRADFORD, PA. 

HIGHSPIRE, PA. 

WEST CHICAGO, ILL. 

WALLINGFORD, CONN. 

XENIA, OHIO 

MIDDLETOWN, PA. 

MOLINE, ILL. 

HICKORY, N. C. 

SULLIVAN, ILL. 

DOVER, N. H. 


GREENSBORO, N. C. (NORTH 
BUFFALO CREEK PLT.) 
METROPOLIS, ILL. 


EAST SARPY COUNTY, 
BELLEVUE, NEB. 


TUSCOLA, ILL. 
NEWARK, OHIO 
BATAVIA, ILL. 
ASTON TOWNSHIP, PA. 
GREAT FALLS, MONT. 
PROVIDENCE, R. I. 
UPPER MERION 
TOWNSHIP, PA. 
LEETSDALE, PA. 
FRANKFORT, ILL. 
LONDON TOWNSHIP, 
ONTARIO, CAN. 
REHOBOTH BEACH, DEL. 
CONCORD, N. C. 


Installations Printed in Green are Fresh Solids Dewatering Plants 
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Sludge Digestion 


System 


@license under U. S. Patent No. 2777815 
available through Consulting Engineer speci- 
fication. 


@"'GasFuser" Continuous Gas Recirculator 


© 1960-CP—F. M. C. 





” An available® means for 
increasing digester performance 


by insuring Homogeneous Sludge through 














55 operating and specified installations of the CRP* System 
with “Chicago” gas mixing equipment since 1955 prove its unparal- 
leled acceptance...serving cities from 2000 to 250,000 population. 


Putting Ideas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 
HYDRODYNAMICS DIVISION 


CHICAGO PUMP 
622 DIVERSEY PARKWAY «+ CHICAGO 14, ILLINOIS 
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Chart for Determining Per Cent Sludge Digestion 


By FRED H. BURLEY 
Supervisor Sewage Treatment Plant, Detroit, Mich. 
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PERCENT REOUCT/ION /N VOLATILE SIATTER 


T IS generally conceded that an excellent index to effective 

sludge digestion and efficiency of digester performance is the 
degree of conversion noted of the volatile matter in the sludge 
passing through the digesters. The degree of conversion is best 
expressed as per cent reduction of volatiles entering in the form 
of raw solids. 

Volatile matter converted during anaerobic digestion is either 
evolved as gases or remains in the mother liquor (supernatant) 
as soluble organic or mineralized substances. The amount of gas 
produced is variously estimated at from 16 to 20 cu. ft. per pound 
of volatile matter converted. 

The writer has found frequent computations of per cent reduc- 
tion of volatiles on this basis to be a valuable check on digester 
efficiency, particularly so when considering the average figures 
for volatiles in the raw and digested products on the dry basis, 
from which the true reduction can be computed according to the 
following example. Assume: 

Fixed 
26.5% 
48.8% 


Volatiles 
73.5% 


51.2% 


Raw Sludge 
Digested 
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Since in the raw sludge there was 73.5 lbs. of volatile matter 
for every 26.5 Ibs. of fixed solids, there was originally present 


48.8 
in the raw sludge ——X73.5=135.4 lbs. of volatile matter for 
26.5 


every 48.8 Ibs. of fixed solids. Therefore, the actual reduction is 
135.4—51.2=84.2 Ibs. of volatile for every 135.4 Ibs. entering 
as raw sludge. The reduction on a per cent basis is, therefore, 

84.2 

—X 100 = 62.2 per cent. 

135.4 


As a time-saver the accompanying chart was developed. It is 
simple to use. The arrows and dashed lines indicate the manner 
in which the per cent volatile in the raw and digested sludge 
(taking the above example) is located on two sides of the chart 
and the lines followed toward the opposite apex and parallel to 
the base, respectively, to their intersection. The line projected 
from this intersection to the base reveals the percentage reduc- 
tion in volatile matter. 





Santa Rosa, California, sewage treatment plant reports on. . . 


Operation and Maintenance 
of Gas Engines 


by MURRAY B. McKINNIE, 
Sewage Works Superintendent 
City of Santa Rosa, Calif. 


EDITOR’S NOTE: This article describes the ingenious solution 
of some gas engine operation and maintenance problems, and 
discusses cost data accumulated during seven years of operating 


two such engines for pumping primary treated sewage and pro- 


ducing air. 


@ IN ANY DISCUSSION of the opera- 
tion of gas engines at Santa Rosa it 
is well to describe the conditions 
under which they operate. Santa Rosa 
is a city of about 30,000 people 
located in a valley about 50 miles 
north of San Francisco. The stream 
into which the effluent from the sew- 
age treatment plant flows is, at times, 
almost dry; therefore, there is no 
dilution of the effluent during the 
summer months. 

The plant was designed for com- 
plete treatment of 5 mgd using pre- 
aeration, sedimentation, trickling fil- 
ters with recirculation, secondary, 
sedimentation, and ponding. 

As can be seen from the flow 
diagram (Fig.1), there is no pumping 
of sewage until after primary settling. 
Presented at 32nd Annual Meeting 
FSIWA Oct. 1958. Reprinted here with 


permission. 


During the design of the plant, the 
consultants (Charles G. Hyde and the 
firm of Brown & Caldwell, San 
Francisco) made extensive analyses 
of the costs of operation of pumping, 
both by electric motors and by gas 
engines. It was their opinion that gas 
engines would be the most economical 
to operate. 

In this analysis it was found that 
it would be sound economically to 
operate the gas engines only to pump 
sewage and to produce air for the 
preaeration system and operation of 
the sludge air lifts. It would be 
necessary because of the size of the 
plant and the probable gas production 
to have stand-by electric power ; this 
would make the use of engines for 
generation of power uneconomical. 
With this in mind, the engines were 
sized to pump a maximum of 18 
mgd at a head of 18.5 ft and to pro- 


duce, with the same engine, a maxi- 
mum of 800 cfm of air at a pressure 
of 7 psi. 

Although the preaeration system 
was also to be used for grit removal, 
it was felt that there would be suffi- 
cient air produced for proper opera- 
tion of all engine speeds. This allowed 
for flexible operation, because the en- 
gine speed could be set so that the 
design recirculation ratio of 1:1 could 
be obtained for varying rates of in- 
coming sewage flow. This assumption 
did not, as was shown after the plant 
went into operation, prove true all the 
time, and became one of the diffi- 
culties that will be described later. 


Description of Equipment 

The engine-pump system is shown 
in Fig, 2. The two gas engines used 
at Santa Rosa are Waukesha 6 WAK 
units, spark-ignited and operating on 
either sewage gas or liquid petroleum 
gas. They are started by 440-v electric 
motors. This means that during a 
power failure it is not possible to 
start an engine. 

The carburetion system consists of 
two Ensign regulators, one a type-S 
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MUNICIPAL 
ENGINES 


IN SEWAGE TREATMENT PLANTS everywhere Climax engines 
power sewage pumps, blowers and generators. Burning sludge gas, and 
utilizing heat from jacket water and engine exhaust gas to heat digesters 
and buildings, they effect big savings. Capable of operation on natural 
gas, butane, gasoline, or any combination. For continuous duty service 
in sewage plants—seven rugged Climax models: 12, 8, 6 cylinders. 


IN WATER WORKS over 100 cities depend on Climax engines... 
for prime power, or to take over when normal power for pumps is 
interrupted or fails...and to drive pumps during peak loads as sup- 
plementary power. Burning natural gas, butane or gasoline Climax 
Water Works engines range in size to 600 hp. 


Write direct for bulletins, specifications and engineering 
consultation. 
C1-106-8 


* LJ 
OF r q d a5 diiQ UdSO 


MODEL | No. of Cyls.| Bore and Stroke | Displ. | Torque @ RPM 


BRAKE HORSEPOWER AT SPEEDS INDICATED 


V-125—12 cylinder, 
605 max. hp. at 1200 rpm. 
V-122—12 cylinder, 
520 max. hp. at 1200 rpm. 


V-85—8 cylinder, 
390 max. hp. at 1200 rpm. 
V-80—8 cylinder, 
340 max. hp. at 1200 rpm. 


K-75—6 cylinder, 
304 max. hp. at 1200 rpm. 
K-67—6 cylinder, 
265 max. hp. at 1200 rpm. 





R-165 6% x7 930 @ 750 
K-67 ‘aoe FF 1240 @ 805 
K-75 72 x7 1410 @ 800 
V-80 alee 1610 @ 850 
V-85 7% x7 1860. @ 900 
V-122 r SES 4 2440 @ 900 
V-125 72 x7 2880 @ 850 


1238 
1616 
1855 
2155 
2474 
3232 
3711 


105 
140 
160 
178 
207 
280 
310 


123 
165 
186 
210 
249 
330 
370 


140 
188 
214 
241 
285 
380 
435 

















156 
210 
240 
272 
317 
420 
490 


170 
230 
265 
300 
345 
460 
540 


183 
248 
286 
323 
370 
490 
580 


192 
265 
304 
340 
390 
520 
605 








@® Basic engine includes ignition, maximum carburetion, and water pump. Ratings indicate maximum horsepower. 








CLIMAX ENGINE MANUFACTURING CO. . 


FACTORY 


CLINTON, |IOWA 


DIVISION OF WAUKESHA MOTOR COMPANY 
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propane regulator that reduces the 
high-pressure LPG to approximately 
the same pressure as the sewage gas. 
As long as there is sufficient sewage 
gas pressure, this LPG regulator does 
not function ; however, if the sewage 
gas pressure drops too low the LPG 
takes over. The other regulator, a 
type-B regulator, controls the sewage 
gas. Both of these regulators feed an 
Ensign gas carburetor. 

The engine cooling system, instead 
of using a radiator, makes use of the 
sludge heat exchanger. The water in 
the engine jacket is pumped through 
a PFT heat exchanger in order to 
dissipate the heat. Primary sludge 
circulating through coils in this heat 
exchanger is heated; a gravity flow 
of sewage through other coils helps 
in reducing the water temperature. 
This. later flow can be regulated to 
maintain an even heat of the sludge 
and still keep the engine water jacket 
temperatures down. 

The heat exchanger mufflers, which 
help maintain the water heat, can be 
cut off, so that as the weather be- 
comes warmer the sludge temperature 
does not rise excessively. Variations 
in sludge temperature that come about 
by lack of operator supervision have 
caused some difficulties in the opera- 
tion of the digester, but these are due 
to personnel rather than equipment. 
The water jacket temperatures are 
maintained between 180° and 190° F. 

Each engine, through a clutch sys- 
tem, drives a 20-in. Fairbanks Morse 
pump and by a V belt drives a Sutro- 
bilt air blower. The pumps were de- 
signed to pump 8,000 gpm at 850 
rpm and 12,500 gpm at 1,100 rpm, 
which is the maximum running speed 
of the gas engines. After the plant 
was put in operation it was found 
that these pumps both delivered in 
excess of the required amount, so that 
at full plant capacity it is not neces- 
sary to run these engines at their top 
speed. This added capacity has also 
allowed the engine to be run at far 
slower speeds than design and yet 
maintain a 1:1 recirculation ratio. The 
pumps discharge primary effluent to 
a high-level sump; flow from this 
sump goes to two trickling filters. 
The flow to each filter is recorded 
and totalized through an orifice meter. 

A Wheelabrator air filter feeds 
each air blower. The blower discharge 
is metered through an orifice meter, 
the air flow varying with the engine 
speed. From the conditions of the 
preaeration tank when it has been de- 
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FIG. |. FLOW DIAGRAM for City of Santa Rosa sewage treatment plant. 


watered, the grit removal system 
works properly at all air capacities. 
Since the plant started, air production 
has varied from a monthly average 
low of 360 cim to a high of 650 
cfm, with the 7-year average being 


and V-belt-connected air blower (left}. 


505 cim at a pressure of 7 psi. The 
outside air has been clean enough so 
that it was seven years before the 
differential pressure in the filter was 
sufficient to warrant a change of the 
filtering material. 
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Wiley 


heavy duty, high quality 
ENGINES 


190-2150 HP DIESEL, DUAL FUEL, GAS 


ENGINE POWER UNITS _ White’s Superior engines are 
distinguished by extreme design simplicity, advanced en- 
gineering refinements, high output for size, and continuous 
operation on non-premium fuels including crude or resid- 
uals. Available in 6 or 8 cylinder, 4-cycle, vertical in-line 
design, naturally aspirated or supercharged, for slow or 
medium speeds, diesel dual-fuel or gas operation. 


CAS seco 2 
& 


GENERATOR SETS Compact, completely self-con- 
tained electric power packages designed for prime, sup- 
plementary and standby power, from 150 to 1500 KW. 
MOBILE GENERATING PLANTS Completely self- 
contained powerhouse on wheels. 350, 500, 1000 and 
1250 KW for base power, emergency or supplementary 
power wherever needed. 





MARINE... propulsion engines and generator sets for 
work boats, barges, tow boats, dredges, fishing vessels. 


MUNICIPAL... power plants, water works, sewage 


plant service. 
INDUSTRIAL . . . prime, supplemental, 
standby power plants. 








POLLAN. 952 CLEA LOI a BELL 8 SONS i ED LE i AG LP TENT 


OIL FIELD ... drilling, pipeline, compressor, waterflood- 
ing and auxiliary power service. 


MILITARY . . . special precision power plants for ground 
support equipment, missile/rocket launching stations. 


MODEL 40-SX-8 Generator Sets 


Power Unit Control Side 


Mobile Generating Plants 








6 BASIC ENGINES ...22 MODELS TO MEET YOUR POWER REQUIREMENTS! 


Bore 
Model (Inches) 


Type Cylinders 


Stroke 
(Inches) 


Displacem't | 
(Cu. In.) J 





66510 
6GX510 


Gas 


8, 
Gas 


8, 


3,064 
3,064 





66825 
6GX825 
86825 
8GX825 


Gas 
Gas 
Gas 
Gas 


4,948 
4,948 





Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 


PES Sasa Age ee 


230-565 
200-440 





Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 


260-440 
500-820 
350-500 
660-935 





Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gos 


es: Ftc MRR toe eek SR 


410-510 
780-1130 
50-680 


5 
1040-1500 


580-720 
1105-1600 
775-960 
1470-2150 





Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
Diesel, Dual Fuel, Gas 
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1 


! 
! 
| 
i 
! 
! 
+ 
! 
| 
| 
I 
+ 
! 
l 
! 
r Diesel, Dual Fuel, Gos 
7 
! 
| 
! 
| 
t 
| 
| 
| 
! 
7 
| 
! 
! 
! 
' 
; 


Sere] e2aoe ll aeanooe | @aeo!] @aoo | oo 


Ee ee 


14%, 


“ BHP—True horsepower for continuous duty. No correction necessary to 1500 feet elevation and 90°F. 


X Supercharged 


Syd ws 7 hite 


ENGINES | | tal DIESEL 


——| 
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Export Division: 4'5 Madison Ave., New York 17, N.Y. 


600-850 

900-1525 

800-1150 
1200-2000 


425-600 
640-1080 
565-815 
850-1400 
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Write for Complete Information 


WHITE DIESEL ENGINE DIVISION 


THE WHITE MOTOR COMPANY 
Plant and General Offices: Springfield, Ohio- 


Phone FAIRFAX 3-4921 
Cable: *' Superdies!"* 
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FIG. 3. MONTHLY AVERAGE sewage flow for Santa Rosa treatment plant. 


Operations for Engines 

The following portion might be 
titled “Difficulties” or “Problems”. 
In any event, these engines did not 
just start and run without any diffi- 
culties. During the start-up of the 
plant it was noted that in order to 
pump any appreciable amount of sew- 
age to the filters, the engines had to 
run at high speeds. Still a 1:1 recir- 
culation ratio could not be main- 
tained. As operation was on LPG, it 


can be well understood that there was 
concern about this problem. It wasn’t 
until a factory representative of the 
pump company arrived that it was 
discovered that the pumps were in- 
stalled backwards. 

After the pumps were rebuilt and 
reassembled, speed of the engine 
could be lowered and it was possible 
to pump sufficient sewage. This was 
problem number one of several. Dur- 
ing the first months of operation the 
engine oil supplier made tests of the 
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FIG. 4. GAS production and use; monthly averages. 


R-313 


engine oil after various operating 
times. Due to lack of dilution the 
viscosity changed from the original 
grade of SAE 30 to SAE 40. It was 
found that the oil maintained this 
viscosity for some time, so was possi- 
ble to operate the engines on the oil 
for two weeks without undue oil 
thickening. Therefore, the operating 
schedule was set for alternating the 
engines every two weeks. This al- 
lowed the maintenance work on the 
engines to be more easily scheduled, 
as outside help was needed for most 
of this work. 

It was found that the engines could 
be run much more slowly than planned 
due to the lower flow, as well as the 
overdesign of the pumps. This was 
a happy circumstance, as, first, LPG 
had to be used until the digesters 
started to produce burnable gas, then, 
second, the amount of gas produced 
was not sufficient to operate the en- 
gines at a high speed. Everything was 
managed very well with the gas until 
the heavy rains, then it was found 
that the infiltration in the sewers was 
greater than anticipated. This high 
flow flooded the plant and the sludge 
sump, which meant that no sludge 
could be pumped for some time. 


Fig. 3 shows the average monthly 
sewage flow since the plant started. 
It has been found necessary to block 
the sludge sump when the flow to 
the plant becomes 12 mgd, as the 
scum skimmers discharge into a 
trough that also goes to the sludge 
sump. As might well be expected, gas 
production dropped when pumping 
stopped and it was necessary to use 
LPG. Problem number two. 

When sludge pumping could be re- 
sumed, gas production increased. This 
increase of gas was almost too much, 
with the waste gas burner barely able 
to handle the gas. After that things 
smoothed out as can be seen from 
Fig. 4, which shows the average gas 
production and use for the period. 

Then came the heaviest blow of all. 
For no apparent reason gas produc- 
tion dropped and the primary sedi- 
mentation tanks went septic. It was 
found that a valve had not been closed 
after transferring sludge, allowing an 
estimated 5,000 to 15,000 gal. of 
digesting sludge to be pumped into 
the plant drainage system and thence 
into the primary sedimentation tanks. 
As the plant was at its lowest flows, 
it took some time to get back to 
proper operation. Anyway, this has 
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been one of the reasons for use of 
LPG as a fuel since the plant started. 

Problems came thick and fast. After 
less than a week of operation it was 
found that the spark plugs were not 
standing up and had to be regapped. 
Every type available locally was tried 
—with similar results; some lasted 
two weeks, others only a few days. 
Then the engine manufacturer asked 
to have yet another type of plug tried. 
This had a heavy center metal core 
with three points, so that as one por- 
tion burns away another takes over. 
This solved the problem of spark 
plugs and there is now no difficulty 
between engine checks. 

Solution of the spark plug problem 
lead immediately to another problem 
—the magneto. It was never possible 
to be sure that the magneto would 
last 600 hr without the necessity of 
replacing points and condenser. 
Again, 2 suggestion by the manufac- 
turer licked this problem. By use of 
platinum points the magneto now ran 
for 3,000 hr without attention. 

By this time the reader must think 
there was nothing but trouble with 
the engines. Actually there was week 
after week when the engines purred 
along and no thought need be given 
to their operation. One item that never 
really bothered, but was a difficulty, 
was the change-over from sewage gas 
to LPG. It was scon found that it 
was necessary to cut off the LPG to 
the engines unless it was being used, 
because the sewage gas pressure was 
low and the “S” regulators tended to 
feed LPG to the system. This is not 
felt to be anything against the type 
of equipment, but was partly due to 
the extremes of heat built up in the 
metal of the regulator and the low 
pressure of the sewage gas. 
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FIG. 5. CONDITION of engine block (left) an 


d one of the heads (right) at time of 14,176-hr overhaul. 


As these were water-cooled regu- 
lators and the water used was not of 
the best quality, the diaphragms would 
deteriorate. As there were long peri- 
ods when LPG was not used and there 
was seldom a sudden loss of sewage 
gas, it was decided to keep the regu- 
lators drained of water and LPG ex- 
cept when in use. With this procedure 
it only takes a few minutes to start 
operation on LPG. 

The first major trouble started 
with increased oil consumption in 


Engine No. 1. Because the oil con- 
sumption continued to increase, it was 
felt that there was something radi- 
cally wrong. The valves had been 
ground after 3,460 hr of operation, 
and again at 7,348 hours, so it was 
decided that the engine should be 
checked. There followed a complete 
overhaul, after 14,176 hr, by the 
manufacturer’s serviceman and a me- 
chanic from the city shop. 

When this engine was torn down, 
careful inspection was made to deter- 
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Summary of Gas Engine Operating Costs, 
City of Santa Rosa Sewage Treatment Plant 


Propane 


$1425.31 
176.93 
1878.93 
201.10 
32.57 


April - June 1952 
July 52 - June 53 
July 53 - June 54 
July 54 - June 55 
July 55 - June 56 
Capital outlay 55/56" 
July 56 - June 57 
Capital outlay 56/57” 
July 57 - June 58 
July 58 - June 59 


Total 


Percent 


8.96 
28.13 
32.33 
35.24 
13.84 


227.62 
052 — 


$3942.98 $118.50 
30.0 0.9 
14,176 hr. 
18,590 hr. 


* 1955-56 overhaul at 
» 1956-57 overhaul at 


$ 28.42 
41.98 
25.58 
33.97 
33.22 


$1290.20 
342.01 
1445.59 
530.51 
295.90 
9.74 
74.48 
0.52 


April - June 1952 
July 52 - June 53 
July 53 - June 54 
July 54 - June 55 
July 55 - June 56 
July 56 - June 57° 
July 57 - June 58 
July 58 - June 59 


(b) ENGINE NO. 2 





Total 
Percent 


$3988.95 
46.4 


$163.17 
1.9 


© 1956-57 overhaul at 23,561 hr. 


Crank fet “Leber 
Oil and Trans. 


Parts 


(a) ENGINE NO. | 


$ 1451.62 
$ 57.14 $ 414.20 
94.56 2161.50 
98.10 559.86 
335.55 1019.55 
876.71 1391.30 
726.38 2388.9! 
365.65 1599.39 
483.08 1185.42 
317.81 961.42 


$3354.98  $13133.17 
25.5 100.0 


$ 26.31 
95.23 
110.28 
122.01 
304.46 


$ 75.94 
49.60 
106.32 
311.73 
514.59 

1343.96 
1233.74 
249.69 
382.26 


$4267.83 
32.4 


304.73 
225.03 
2083 
$1448.88 
11.2 


$1318.91 
682.18 
1917.58 
1121.40 
957.64 
1284.82 
678.00 
638.36 


$8598.89 
100.0 


$ 82.86 
120.82 
256.27 
153.77 
393.32 
193.51 
186.94 


$1387.49 
16.1 


$ 28.71 
117.81 
108.47 
127.74 
142.56 
212.96 
203.20 
239.84 


$1181.29 
13.7 


211.06 


$1877.99 
21.9 











All over the country, municipal 
and utility plants use ROILINE 
engines in water supply 
systems, waste disposal services, 
and for power generation. 
Operating on natural or LP gas, 
or gasoline, ROILINES have 
been standard in the field 


EAST—North Stamford, Connecticut—water pumping system. 
ree a: for many years. 


MID-CONTINENT_—Waste disposal power in Enid, Oklahoma. WEST_Rivera, seas Serstesas a 
NATURAL GAS RATINGS 6 


[none ts [oe [Det | lowe] HAE FORFOWE ATONE SE ROCA 


4%x4V% 457-1400 172 | 188 | 198 
5% x4h 710-1400 261 | 273 | 282 
6% x7 1090- 600 

6% x7 1490- 650 

6% x7 2200- 700 

7% x7 2500- 900 592 @ 1350 

7.54x7.5 3020- 600 


With oil pump, water pump, magneto, air cleaner, carburetor, and exhaust muffler. Hp shown is maximum. 


Send for literature e SEE YOUR ROILINE ENGINE DISTRIBUTOR 


ARIZONA, Casa Grande, Engine Service Company, Inc. MICHIGAN, Reed City, Hafer Engine Company PENNSYLVANIA, Pittsburgh, P. C. McKenzie Company 
ARKANSAS, Paragould, Wonder State Manufacturing Co. MISSISSIPPI, Jackson, Southern Engine & Pump Co. Bradford, R. R. Reck Company 


CALIFORNIA, Long Beach and Bakersfield WEW JERSEY, Kenilworth, Callahan Equipment Co. TEXAS, pmeay ery So — Kilgore, Ediaberg, 
Engine & Equipment Company NEW YORK, Syracuse, Schenectady and Lisbon Southern Engine & Pump Co. 
COLORADO, Denver, Emrick & Hill Engine & Equipt. Co. J. C. Georg Corporation Lubbock, Farmers Supply 


KANSAS, Garden City and Great Bend OHIO, Columbus, Cantwell Machinery Company Odessa, General Machine & Supply, Inc. 
Carson Machine & Supply Co. OKLAHOMA, Oklahoma City and Tulsa Wichita Falls, Nortex Engine & Equipment Co. 
LOUISIANA, New Orleans, Southern Engine & Pump Co. Carson Machine & Supply Co. WYOMING, Casper, Emrick & Hill Engine & Equipt. Co. 
471-R 
WAUKESHA MOTOR COMPANY, WAUKESHA, WISCONSIN New York © Tulsa * Los Angeles 
Factories: Waukesha, Wisconsin and Clinton, lowa 
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mine, if possible, just what had 
happened. All parts were checked 
against factory recommendations and 
were found to have very little wear. 
The cam shaft lifters were in bad 
shape and were causing damage to the 
cam lobes, so they were replaced, 
along with the cam shaft. Fig. 5 gives 
some idea of the condition of the en- 
gine block and one of the heads at 
the time of overhaul. 

Valve oilers had been installed on 
the engine to see if this would help 
maintain longer operation between 
valve grinds. Due to the carbon par- 
ticles in the oil, the valve oilers were 
removed. These carbon particles ap- 
peared to have been caused by high 
heat. 

Some 4,000 hours after the No.1 
engine was put back in service it 
was running rough, and no adjust- 
ment helped. It was determined that 
the oil used for break-in purposes had 
carbonized, and that the head gaskets 
were leaking badly. The rough opera- 
tion and fluctuating oil pressure re- 
sulted in a decision to again overhaul 
the engine and to replace one cylinder 
liner. Since that time it has been 
necessary to grind valves four times 
at 2,000- to 4,500-hr intervals. The 
need for these valve grindings seems 
to be due to the dry gas, high exhaust 
temperatures, and lean mixture of the 
air and fuel. The stack temperatures 
stand well over a 1,000°F; the air- 
fuel ratio runs about 16 to 1 to 17 


to 1, It has been impossible to adjust 
this air-fuel ratio in any way. The 
assumption that the high tempera- 
tures caused the trouble may not be 
valid, as Engine No. 2 had the first 
valve grind at 1,579 hr, with the 
second valve grind being at 23,561 hr 
when the engine was overhauled. The 
engine was overhauled again at 
28,969 hr and has had no other valve 
grinds to date. 

Engine No. 1 has, at all times, 
given the most trouble. Although the 
heads were planed to make sure they 
were smooth, and various dopes have 
been used, head gaskets still leak. 
Within the last six months an entirely 
new type of head gasket has been 
furnished, for which high hopes are 
held. 


Cost of Operation 


The two questions asked most fre- 
quently are: “What does it cost to 
run the gas engines?” and “How 
does this compare with other fuels?” 
As these engines have been in use for 
seven years we can now say we have 
a good idea of what it costs to run 
them. All costs are figured on a per- 
hour basis. As might be expected, 
these costs vary from month to month 
depending on the repairs and the 
hours run. The following items have 
been used in arriving at the cost of 
operation of these engines : LPG, 
valve oil, crankcase oil, labor and 
transportation, and parts. 





Table 2 


Summary of Comparative Engine Costs, 
City of Santa Rosa Sewage Treatment Plant 





Flow 
Pumped ‘ ___$/mg 
mg/mo Propane Engine 

269 0.29 
211 1.26 
299 0.55 
349 


0.10 
308 0.00 
345 


1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 


Average 


0.21 
0.29 
0.30 
0.5) 
0.79 
0.38 
0.38 


0.41 


Rate/ 
Kw-hr 


$0.0162 
0.0175 
0.0178 
0.0174 
0.0170 
0.0180 
0.0176 


$0.0174 


1952-53 
1953-54 
1954-55 
1955-56 
1956-57 
1957-58 
1958-59 


Average 


Engine Costs 





Probable Natural Gas Costs 


Total Na. Gas Engine 


1.04 
1.03 
0.94 
0.97 
0.77 
0.79 
0.78 


0.90 


Total 
1.25 
1.32 
1.25 
1.48 
1.56 
1.17 
1.16 


1.31 
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Probable Electric Costs 
Kw-hr/ 
Month 
25,715 
22,123 
27,577 
30,692 
35,962 
30,405 
31,642 


29,159 


Cost/ 
Month 


$421.65 
387.84 
486.25 
539.22 
614.45 
526.03 
554.75 


$504.31 
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The labor costs include the plant 
maintenance man, city mechanics, and 
outside labor. They do not include 
the operator’s time. From the start 
of the engines in April 1952 until 
June 1959, engine No. 1 cost $13,- 
133.17, of which 30.0 percent was for 
LPG, 0.9 percent for valve oil, 11.2 
percent for crankcase oil, 32.4 per- 
cent for labor, and 25.5 percent for 
parts. This engine operated 29,812 hr 
in this period at a cost of $0.44 per 
hr. The engine ran on LPG for 9.4 
percent of the time. 


With engine No. 2 it is a different 
story. During this same period it cost 
$8,598.89 to operate, of which 46.4 
percent was for LPG, 1.9 percent for 
valve oil, 13.7 percent for crankcase 
oil, 16.1 percent for labor, and 21.9 
percent for parts. This engine ran 
32,941 hr at a cost of $0.26 per hr. It 
ran on LPG 10.0 percent of the time. 

These costs are summarized in 
Table 1, which shows the cost per 
year for each item, as well as the 
hours operated. It should be noted 
that the LPG for both engines was 
the largest single cost item, yet this 
gas was used only 9.7 percent of the 
time. 


As stated previously, the labor costs 
do not include the operator’s time to 
inspect the engines, take readings, 
wipe up, start and stop, or add oil to 
the engines. Three-shift operation is 
maintained, with one operator on each 
shift. In order to have some idea how 
much time was actually spent by the 
operator on the engines a log was 
kept for several months. It was found 
that he spent an average of 28.8 hr 
per month on the various items that 
pertain to the engines. This was an 
average monthly cost of $62.50, or 
$0.09 per engine-hour. 


Another item that is not shown is 
the depreciation or replacement cost 
of the engines and clutch system. 
Using a 15-year engine life, this cost 
is $0.072 per hour. To bring all the 
costs together, a graph (Fig.6) has 
been prepared showing the hourly 
cost for each year of operation. In 
order to show the capital outlay funds 
used on engine No. 1 for the first 
overhaul, $0.10 per hr has been added 
to the hourly costs from the start of 
operation until July 1955, and $0.36 
added to the months from August 
1955 to September 1956 for the 
second overhaul. To each monthly 
figure is added the operator’s time 
cost of $0.09 and the depreciation 
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FIG. 6. GAS ENGINE operating costs, in cents per hour. 


cost of $0.07. There was no capital 
outlay cost on engine No. 2 because 
this unit was overhauled as a main- 
tenance project out of regular funds. 

If all costs—operating, operator 
time, and depreciation or replacement 
—are added together, it has cost the 
City of Santa Rosa $34,703.62 to 
operate these engines for 62,753 hr, 
or a cost of $0.55 per hr. 

Is it worth it? During the more 
than seven years covered by these 
data the plant has produced 102,216,- 
900 cu ft of gas, of which 79,638,100 
cu ft have been used. This means that 
under all operating conditions the 
engines have used 1,269 cu ft of gas 
per hour. If the local utility gas 
schedule is used the sewage gas is 
adjusted to the equivalent BTU of 
the natural gas, the gas used was 
worth $22,149.73. 


Comparative Costs 


It quite frequently is possible for 
one to look back and to say that if 
he had things to do over again he 
would make changes. Is this true of 
the gas engines at Santa Rosa? An 
attempt will be made to show that it 
was still sound economically to use 
them. In this cost comparison no 
analysis is made of capital outlay. 
Changes in equipment and costs are 
so rapid that anything said today 
probably would not hold true six 
months from now. 

To compare the cost of natural gas 


and electricity against sewage gas 
everything has been converted to cost 
per million gallons pumped. These 
costs are shown in Table 2. The as- 
sumption is made that the engine costs 
other than fuel, when adjusted to the 
same Btu, will be the same whether 
running on sewage gas or natural gas. 
This, of course, may or may not hold 
true. In examining Table 2 it will be 
noted that the engine operating costs 
per million gallons varied from $1.55 
to $0.38, with an average of $0.73. 
Since LPG is used only 32.4 percent 
of the time, when the cost was $1.55 
per million gallons, it can be readily 
seen that LPG is not competitive ex- 
cept as a standby fuel. Using the en- 
gine costs for each item except fuel, 
it was calculated from the local utility 
gas rate what the costs would be if 
using natural gas. This cost ranged 
from $1.56 to $1.16 per million gallons 
pumped, for an average of $1.31. 

In addition, the average horse- 
power was calculated from the flow 
pumped. Using the electric rate of 
the local utility the cost of electric 
power per month and per million 
gallons pumped was calculated. These 
costs ranged from $152 to $1.84 per 
million gallons pumped, with an aver- 
age of $1.65. 

It can be seen from these figures 
that there is justification for saying 
that in Santa Rosa’s case the use of 
gas engines was cheaper than any 
other system. 


1956-57 





1957-58 1958-59 


Conclusion 

Any comparison of costs is subject 
to question, especially in a case like 
this where assumptions must be made. 
Even if one has doubts, it is still felt 
that this gas engine system is a sound 
economical investment. In a plant the 
size of the Santa Rosa one, a careful 
analysis of costs must be made, and 
thought must be given to operation, 
because a good, steady gas supply 
must be available. This means that 
good conscientious operators must be 
on the job. It would not be sound 
policy to isolate a plant of this size 
from all outside electric power, so 
that only a percentage of the plant 
can be run with the gas engines. It 
seems, however, that sewage pumping 
and air production are the most logi- 
cal items of use for the engines, as 
was done at Santa Rosa. 
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by Vibrating Screens 


Sludge Dewatering 


by FRIEDRICH KIESS, Dr. Ing; and CARL SCHRECKEGAST 


® SLUDGE DEWATERING has become a 
major problem today for all larger 
sewage plants. While smaller plants 
can be operated now as before with 
the drying of the digested sludge on 
drying beds“, engineers are looking 
more and more for artificial drying 
processes for the larger plants, be- 
cause the sludge drying on beds has 
considerable disadvantages for these 
plants. For one thing it is frequently 
impossible to obtain suitable space for 
necessarily extensive drying beds, 
and also the operational costs of the 
drying beds are high because con- 
siderable labor is involved. The oper- 
ation is also dependent to a high de- 
gree on the weather conditions. The 
wasting of sludge into lagoons and 
old stone quarries can offer only tem- 
porary relief. For the larger sewage 
plant it is therefore essential to em- 
ploy artificial dewatering methods for 
the sludge sooner or later. 

At the present time, there are sev- 
eral processes for artificial sludge de- 
watering, which operate on a static 
or on a dynamic principle. In the 
former group, the vacuum and pres- 
sure filters may be included, and in 
the latter group are the screening and 
filter machines. Of all these processes 
developed to date only the vacuum 
filters have proven their value in 
practical operation'?). If this process 
up to now has been applied in only a 
few installations in Germany, in con- 
trast to the United States where the 
conditions for this type of unit are 
more favorable, it is because of the 
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Chemist 


relatively high operation costs which 
are required by such installations. Ac- 
cording to Stuewer “), the operation 
costs amount to at least DM 4.50/m* 
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(about 3 cents per cu ft) of digested 
sludge, if a large installation is in- 
volved. With smaller installations, 
the costs are relatively higher. 
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FIG. | SIEVE ANALYSES for digested sludges from various German sewage 


treatment plants. 





Digester _ Inlet 











Coarse Screen 4 


Discharge | 


Filtratée 


} Return to 


be 





Clarifier 


go 














1s 5 ee ee 


Pimp = - - 
FIG. 2 FLOW SHEET of dewatering process. 


Sludge drying with pressure filters 
and centrifuges is still in the experi- 
mental stage. Other processes, which 
have proved themselves more or less, 
of which we here would like to men- 
tion are the sludge press, Russel and 
Stengelscreens, the Edcofilter, the 


FIG. 3 THE PILOT unit in operation. 


sludge superheat and the sludge re- 
frigeration process. These methods 
are in the experimental stage in Ger- 
many (8) (4) (5), 

The Wupper Sanitary District in 
Wuppertal-Buchenhofen, had been 
testing without success various meth- 
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ods of sludge treatment for several 
years. This District in 1941 had al- 
ready undertaken tests with a vacuum 
filter that was made available by the 
Dorr-Oliver Company of Amsterdam. 
Although the tests of this process 
proved satisfactory, this process did 
not go into full scale use because of 
the need for large amounts of chem- 
icals and the resulting high operating 
costs. The District made tests in 1946 
on the Heymann apparatus over a 
considerable period of time, but the 
results were not satisfactory. With 
the Heymann Dryer, the big problem 
was the passage of relatively large 
amounts of solids with the filtrate 
which made it necessary to pass the 
filtrate through sandbeds to remove 
additional solids from the filtrate. 
Because of the fact that the solution 
of the sludge handling question at the 
Wuppertal-Buchenhofen sewage plant 
became more and more urgent, the 
Sanitary District contacted its mem- 
ber firm Rhewum at Remscheid-Luet- 
tringhausen with the request to make 
some tests on dewatering of digested 
sludge with their high-capacity sonic 
screen designed by Dr. Brueninghaus. 


The Rhewum Filter for 
Sludge Dewatering 


The basic apparatus involved con- 
sists of a filter, vibrating in several 
planes simultaneously, introduced a 
new approach to filtration. The essen- 
tial item of the filter consists of a 
loosely suspended screen cloth which 
is vibrated by means of an electromag- 
nets attached to one edge of the filter 
cloth. The energizing of the filter 
screen is done at a basic frequency 
of 100 Hz, which is superimposed by 
harmonic frequencies extending high 
into the sonic range. By means of 
this, there are formed initially on the 
side of the electromagnetic vibrator 
longitudinal waves, while in the 
curved portion of the filterscreen 
strong transverse waves are primarily 
effective. While the latter produce an 
extremely rapid dewatering effect, the 
longitudinal waves move the solids 
from the zone of the transverse 
waves, agglomerate the solids, densify 
the solids, and by proper adjustment 
of the filter screen the filtered mate- 
rial is continuously removed from the 
screen filter in a thick ropelike form. 

The filters do not require any spe- 
cial attention, since clogging does not 
occur. The filter-screens keep them- 
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selves clear through the continuous 
removal of the solid particles, which 
to a great extent glide over the filter 
surface and which are partially re- 
tained in suspension above this sur- 
face, while the carrier liquid flows 
through the screen mesh. 


The Test Apparatus 


At first, more than 100 tests were 
made with a Rhewum sonic labora- 
tory analyser in order to determine 
the granular structure of the digested 
sludge at the Wuppertal Plant. 

Similar tests were made with the 

digested sludge from other plants 
whereby it was determined that the 
granular structure of digested sludge 
can differ over wide ranges (Fig. 1). 
_It is, therefore, required to determine 
the granular structure of the sludge 
before any sludge dewatering is at- 
tempted. 


Following these preliminary tests, 
the Rhewum Company made a multi- 
stage pilot plant installation con- 
structed in accordance with plans by 
Dr. Brueninghaus available to the 
Wupper Sanitary District. This pilot 
plant was installed in the Wuppertal- 
Buchenhofen plant, and it is shown 
schematically in Fig. 2. 

The installation consists of the 
following separate pieces of appara- 
tus : 


a) Course screen with 8 x 24 mm 
mesh. 


b) Sonic wet screen with screen 
mesh varying as selected, from 
2 mm to 1.2 mm. 

c) Three sonic filters with square 
mesh varying, as selected, be- 
tween 0.5 mm and 0.1 mm. 

d) Roll press with recirculation 
system of the press water. 

The vibration of the sonic screen 

and sonic filters are produced by 
electromagnetic vibrators developed 
by the so-called sonic vibrator heads. 
Fig 3 and 4 show pictures of the 
pilot plant installation. 


Operational Experiences 

The filtering effect of the sonic 
filter is dependent on the loading, 
particles size, and solids dispersal, 
which vary with the particular sludge 
as pointed out previously. During 
the operation of the pilot plant, a 
further important observation was 
made, when it was determined that 
the filtering effect depends to a great 
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FIG. 4 ANOTHER VIEW of the pilot plant. 


degree on the angle of the sludge dis- 
charge nozzle with the filter cloth. 
This relationship is represented 
graphically in Fig 5. At the left hand 
side is shown the angle of inclination 
for three specific conditions of 75°, 
45° and 15°. On the right hand side, 
aside from the screening effect, is 
shown the additional filter effect for 
each condition as a percentage, using 
a filter mesh of 0.3 mm. 

From the individual curves, it be- 
comes evident that the greatest sepa- 
ration occurs the closer the discharge 
nozzle approaches a tangential direc- 
tion. With a 15° angle of discharge 


for example it may be noted that, 
with a 0.3 mm filter cloth, about 90 
percent of all particles of 0.2 mm in 
size, 80 percent of all particles of 0.15 
mm in size, and 60 percent of all 
particles of 0.1 mm in size are filtered 
out. On the basis of this experience, 
it is proposed to use filter meshes of 
0.1 mm which will be specially made 
for use with these vibrators. The 
additional separation of particle sizes 
would then be as represented by 
curve II, Fig 5. In that case, it 
should be expected that about 60 per- 
cent of 30 micron sized particles 
would be filtered out. 
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Capacity of Apparatus 

Fig 6 illustrates the screening and 
filter capacities of a Screen, Filter, 
combination machine. The data 
shown are average values which were 
obtained with the pilot plant installa- 
tion at Buchenhofen. On the left 
hand side of the picture is shown the 
sludge analysis of the digested sludge 
at Buchenhofen with regard to par- 
ticle size. As may be noted from the 
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illustration, the coarse screen re- 
moved about 2 percent of the total 
solids. These materials, consisting of 
leaves, wood chips, fruit stones, tex- 
tile wastes and other coarse mate- 
rials, are removed first. The follow- 
ing sonic screen, which was equipped 
with 1.5 mm V2A stainless steel 
mesh, removed about 23 percent of 
the total solids as a result of the com- 
bined screening and filtering effect 
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of this unit, while the subsequent 
sonic filters removed an additional 55 
percent of the total solids, likewise 
through the combined screening and 
filtering effect. The discharge from 
the sonic screen, as well as the dis- 
charge from the sonic filter contain 
approximately 75 to 80 percent water, 
and this material is therefore in con- 
dition to be pressed. 


The discharge from the sonic screen 
and from the sonic filter are conveyed 
together to a rollpress which pro- 
duces a further reduction in the mois- 
ture content to about 60-65 percent. 
The resulting sludge is so dry that 
it can be readily used for various 
purposes, such as for agricultural use, 
mixing with garbage and rubbish, 
combustion, etc. The filtrate from the 
roll press was continuously returned 
to the influent of the sonic screen by 
means of a pump. The filtrate from 
the sonic filters contained, solids 
varying from a maximum of 20 per- 
cent to a minimum of 5 percent of 
the total solids in the initial sludge, 
depending on the sludge to be dewa- 
tered, when 0.3 mm screen mesh 
was used on the sonic filters. It is 
therefore possible to remove from 
80 to 95 percent of the total sol- 
ids from the sludge. These results 
compare with those obtained with 
previously utilized equipment, in 
which on the average only about 30 
percent of the total solids were re- 
moved. Simultaneously, the filtrate 
from the sonic equipment has excel- 
lent sedimentation properties, so that 
the possibility exists of returning this 
filtrate to the sewage plant influent. 
It should be expected that this filtrate 
would assist in the sedimentation of 
the raw sewage. 


The capacity of the combination 
apparatus is dependent on this num- 
ber of sonic filters used. The smallest 
combination apparatus has two sonic 
filters while the largest has five sonic 
filters. Each combination unit is 
equipped with a coarse screen, a sonic 
wet screen sonic filters, as well as roll 
press. The capacity of the sonic filter, 
starting with an initial sludge of 8 to 
10 percent dry solid content, is on the 
average about 1 cubic meter (about 
35 cu ft) per hour. With two sonic 
filters, it would be possible to average 
about 2 cubic meters per hour, and 
with five sonic filters about 5 cubic 
meters per hour of sludge could be 
dried to a 60 percent moisture con- 
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tent. If a greater capacity is required, 
it would be necessary for a 6 cubic 
meter per hour capacity to use two 
units with three sonic filters each. 
The value of 1 cubic meter per hour 
for each sonic filter is to be used 
as a general guide only, and this 
figure may vary considerably with 
the type of sludge encountered. It 
is therefore recommended that the 
sludges be analyzed in advance. Fig 7 
shows an example of a solids—mois- 
ture balance, what percentage of sol- 
ids remain in the respective dis- 
charges and filtrates and what per- 
centage of the total solids remains 
finally in the filtrate. 


Sludge Dewatering Costs 


In order to dry 1 cubic meter of 
sludge, only 0.7 to 1.1 Kwh are re- 
quired, depending on the size of the 
installation. The reason for this low 
power consumption lies in the fact 
that the production of vibration for 
this equipment by means of electric- 
magnetic sonic heads required little 
electrical energy. Also the labor costs 
are relatively low, as the sonic screen 
and sonic filters require little service, 
since few adjustments are necessary 
at the start of the dewatering opera- 
tion and to clean the apparatus upon 
completion of the day’s operation. 
This statement assumes that adequate 
storage facilities for the raw sludge 
and transportation facilities for the 
dried sludge are available. Mainte- 
nance is relatively low according 
to past experience, as the sonic 
screen as well as the sonic filters have 
a long life. In Fig 8 and 9 are shown 
preliminary investment and opera- 
tion costs. For an example, the com- 
plete investment cost for a city of 
100,000 inhabitants (primary treat- 
ment) amount to about 80,000 DM 
($20,000.00). The operation costs 
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amount to about 0.60 DM ($0.15) 
per cubic meter of digested sludge. In 
these estimates it is assumed that the 
daily operation is 10 hours. For 
small and medium sized installation, 
it will be advantageous to limit the 
sludge drying period to a few hours 
daily, while the large plants, where 
at least two shifts of operation are 
worked anyway, a longer drying pe- 
riod than 10 hours will produce 
more economical results. 

The capital investment costs 
amount to about 030 DM ($0.20) 
per cubic meter, if an amortization 
rate of 10 percent is calculated. The 
preliminary costs for an installation 
to serve 100,000 people are therefore 
about 140 DM ($0.35) per cubic 
meter of digested sludge. 


Summary 


The pilot operations with the 
Rhewum combination machine for 
dewatering of sewage sludge and the 
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results obtained demonstrate that 
many application possibilities are to 
be found in the sludge handling field, 
and that this equipment may be use- 
ful in this field. On the basis of the 
economy of this process, it might be 
possible to solve sludge handling 
problems in a satisfactory manner. 
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Make a continuous, accurate record 


of filter cake weight with a... 
MERRICK WEIGHTOMETER’ 


Type E Weightometer. 


Accurate totals of the solids are easy when a 
sewage treatment plant has a Merrick Weightom- 
eter. The Weightometer continuously records the 
total weight of filter cake or sludge carried on a 
moving conveyor by measuring and integrating 
the varying load on the conveyor with the fluctu- 
ating speed of the belt. Proved by fifty years’ use 
in every type of bulk materials handling found in 
industry, the basic principle of the Weightometer 
has been refined until accuracies of better than 
0.5% can be guaranteed. 


Any weight, any material, any capacity... 
There are no limits to the Weightometer’s appli- 
cability. Any material, wet or dry, that can be 
carried on a conveyor can be weighed, accurately 
and continuously, with the total weight registered. 
There is no interference with the operation of the 
conveyor or the flow of material. 


Compact, easy to install, operates by itself... 
The Weightometer can be readily installed on 


Type SV Weightometer. 


your existing conveyor without altering the con- 
veyor’s structure (see cut). It needs no extra 
floorspace. And since its operation is entirely 
automatic, no attendant is needed. 


Negligible maintenance... All essential parts 
of the Weightometer are enclosed, effectively pro- 
tecting them from dust and dirt and also prevent- 


ing tampering by unauthorized personnel. 
- 5 


You can choose ... electronic, mechanical, or 
electro-mechanical integrating and recording sys- 
tems. Full information on each type is yours for 
the asking. 





NEW, SIMPLIFIED, LOW-COST UNIT 
The new Merrick one- or two-idler suspension 
system provides the answers for filter cake weighing 
and recording. It is a simplified, economically-priced 
unit, especially designed for sewage plant systems. 











ME RRIC K ” years of ‘firsts’ in automatic ee: 


MERRICK SCALE | MANUFACTURING COMPANY 
184 AUTUMN STREET, PASSAIC, N. J. 
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Vacuum Filtration 


of Digested Sludge 


by JAMES M. BROWN 


Supt. Division of Sewers, Westchester County DPW, New Rochelle, N. Y. 


@ TRITE, BUT TRUE is the statement 
that the handling of sludge is still one 
of the most complex problems facing 
the sewage treatment plant operator. 
Whether it involves the pumping of 
fresh sewage solids, the digestion of 
the sludge or the dewatering of the 
digested solids, the problem involved 
in the handling of sewage sludge is 
always present. 

The purpose of this paper is to dis- 
cuss the dewatering of digested sludge 
at the New Rochelle District sewage 
treatment plant and to discuss the var- 
iables affecting the filtering rate of 
digested sludge. It employs primary 
treatment for the wastes from the 
New Rochelle Sewer District which 
includes the city of New Rochelle and 
the Villages of Larchmont and Pel- 
ham Manor prior to discharge into 
an outfall extending 9900 ft into the 
deep water of Long Island Sound. 

Even though vacuum filtration of 
sludge from chemcial precipitation 
plants was well established before the 
turn of the century in this country 
as well as in England, it was not 
until the middle thirties that vacuum 
filtration of digested solids was con- 
sidered to be an established and re- 
liable process to compete with other 
methods of sludge dewatering. In the 
early thirties installations were built 
at Milwaukee, Chicago, Columbus, 
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Baltimore and Winston Salem to name 
a few of the more important plants. 
The impetus of vacuum filtration was 
mainly because of the ever increasing 
popularity of the activated sludge 
process which resulted in an increased 
amount of sludge and because of the 
reduction in costs of conditioning 
chemicals, principally ferric chloride. 
The filters used to filter sewage 
sludge were those taken from indus- 
try which had been used to dewater 
industrial slurries. It was not until 
shortly after the second World War 
that vacuum filters were built which 
were designed especially for the sew- 
age works field. 


Equipment 

The vacuum filter employed at the 
New Rochelle District plant is an 8 
ft x 8 ft coil spring filter utilizing 
a surface area of 200 sq ft. In 1958, 
the solid content of the cake averaged 
28.4 percent while a filtering rate of 
6.5 lbs per sq ft per hour was ob- 
tained while during the first nine 
months of 1959 an average solid con- 
tent of 28.8 percent and a filtering 
rate of 7.1 lbs per sq ft was main- 
tained. 

Conventional rate sludge digestion 
is practiced at the New Rochelle plant 
with present digester loadings ac- 


counting for a detention time of over 
40 days. Each of the four digesters 
are equipped with three draft tube 
mixers. The mixers in the primary 
tanks are used to break up scum and 
keep the contents of the tank in a 
homogenous state. 

With the exception of scum around 
the periphery of the tank the surface 
of the digesters are maintained free 
of scum. The mixers are operated one 
hour in a reverse direction and three 
hours in a forward position three 
times a day. 

The mixers in the secondary tanks 
are not used, since the secondary tanks 
serve to concentrate the digested 
sludge and produce a supernatant of 
good quality which can be returned 
to the plant without detrimental ef- 
fects on plant operation. Digested 
sludge from the secondary digesters 
is pumped with a solid content of 
8 - 12 percent to the vacuum filters 
by a duplex plunger pump. At times 
when the sludge is heavy it is difficult 
to pump it to the filter without the 
addition of water. Although the prac- 
tice of adding water to sludge is not 
to be desired there are times when it 
becomes necessary in order to draw 
the sludge through the long suction 
line. 

The surface elevation of the digest- 
er contents is a critical factor in the 





FIG. | VACUUM 
in operation. 


efficient operation of the mixers. Too 
high a level will decrease the zone of 
influence while too low a level seri- 
ously reduces the capacity of the mix- 
er. A submergence of 5-7 in. over 
the baffles seems to produce the best 
skimming action. 

Anhydrous ferric chloride is mixed 
in rubber lined tanks and a 10 percent 
solution of ferric chloride fed to the 
mixing tank along with high calcium 
hydrated lime. The amount of ferric 
chloride required has averaged 3.0 
percent on a dry solid basis while the 
lime expressed as calcium oxide 
amounted to 7.4 percent. Laboratory 
experiments have repeatedly shown 
that less lime is required when a high 
calcium content lime is used compared 
with the amount needed when dolo- 
mitic lime is used. For this reason it 
appears more logical to express do- 
sages of lime in percent of calcium 
oxide rather than simply in percent 
of lime. The filter cake having a solid 
content from 28 to 30 percent is car- 
ried by means of a belt conveyor eith- 
er to a flash dryer where the cake 
is incinerated or taken outside the 
building where it is stockpiled. Al- 
though the incinerator was originally 
designed for incineration of the solids, 
the flash dried solids can be with- 
drawn by improvised means from the 
dryer prior to incineration and the 
material bagged for use as a soil con- 
ditioner. Several tons of the material 
have been used on County owned golf 


ter County plant 


courses and other quantities have been 
given to home owners for evaluation. 
The installation of storage and facil- 
ities to allow more efficient bagging 
of the dried sludge and to permit its 
sale on a commercial basis is being 
studied. for the 
present, it has proven to be econom- 
ical to stockpile the filter cake near 
the filter building for removal by 
nurseres, village park departments 
and other interested people. 


However, at least 


Filter Performance 

The basic criteria for judging filter 
performance are: Yield—Amount of 
cake produced expressed usually in 
pounds of dry solids per sq ft of filter 
area, Moisture—This is of special im- 
portance when the cake is to be in- 
cinerated or dried since the work done 
by the incinerator is dependent upon 
the pounds of water evaporated, Cost 
—Expressed usually in cost per ton 
of dry solids, and Quality of the fil- 
trate. 

Filter yield depends on many things 
but chiefly on the characteristics of 
the sludge including the size and shape 
of sludge particles, the solid content 
of the sludge, the physical and chem- 
ical treatment of the sludge, the 
vacuum applied, speed of the drum, 
and on other mechanical features of 
the equipment design. 

The size, shape and density of the 
solid particles have a profound effect 
on filterability. It has been shown that 
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the smallest particles in sludge ex- 
ercise the greatest coagulating chem- 
ical demand per unit weight of solids. 
Garber? found that the particle size 
of elutriated sludge was greater after 
thermophilic digestion than after mes- 
ophilic thereby requiring a lower 
chemical dosage. Digestion at the 
higher temperature at the Hyperion 
plant resulted in a three fold increase 
in filter yield with a 50 percent re- 
duction in coagulant demand?. During 
the digestion process the size and 
shape of the sludge particles are great- 
ly changed. The particles size is re- 
duced and fibrous material is broken 
down in a homogenous mixture hav- 
ing a smaller particle size. Digested 
sludge therefore is more difficult to 
filter than raw sludge. Many cities 
have reported rates for filtering raw 
sludge as high as 10-12 lbs of dry 
solids per sq ft per hour. 

The fact that an increase in con- 
centration of the sludge produces an 
increase in filter rates has been well 
known. The increase in rate with 
sludge concentration is understandable 
when one realizes that with more con- 
centrated sludges less filtrate volume 
has to be removed per Ib of filter 
cake deposited. Secondary digesters at 
the New Rochelle plant allow quies- 
cent settling of the digested sludge 
and allow the release of gases ad- 
hering to the solids. Consequently it 
is quite common to withdraw sludge 
to the filter with a solid content of 
over 10 percent. Experience has shown 
that the thickness of the cake depends 
a great deal on the concentration of 
solids in the sludge. The thicker fil- 
ter cakes result from a more concen- 
trated sludge while the thinner cakes 
result from thin sludge. 


Sludge Conditioning 

Sludge conditioning consists mainly 
of the addition of chemicals which 
coagulate or clump the sludge solids 
in order to produce a filterable slurry. 
The coagulation of the solids allow the 
water to drain from the body of the 
sludge and permits it to be dewatered. 
Many chemicals have been tried es- 
pecially iron and aluminum salts, but 
in most cases ferric chloride and lime 
seem to be the best. In some cases 
where waste solutions of iron or alu- 
minum salts and lime slurries are 
available from nearby industries they 
have been used to advantage. 

Genter has prepared a useful table 
to show that coagulant demand de- 
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pends on bicarbonate alkalinity and 
the ratio of volatile and mineral ma- 
terial indicating that the greater the 
alkalinity the greater the chemical de- 
mand*®. The anaerobic digestion of 
sewage solids is accompanied by the 
production of end products such as 
ammonium bicarbonate which in- 
creases the coagulate demand of the 
sludge. However, the digestion proc- 
ess also alters the ratio of organic 
matter and mineral matter thereby re- 
ducing the chemical requirements. The 
sum of these two factors computed 
by Genter is shown in his table which 
compares favorably with our chemi- 
cal requirements. The elutriation of 
digested sludge reduces the coagulant 
demand of sludge by washing out the 
waste products of digestion which 
otherwise would exert a chemical de- 
mand. 

The alkalinity of digested sludge 
normally ranges between 3000-4000 
mg/l, although the digesters at New 
Rochelle have operated satisfactorily 
at alkalinities between 1500-1800 mg 
/\. The reason for such low alkalin- 
ities is attributed to the fact that in 
1958 the amount of sludge pumped 
to the digesters amounted to 2700 gals 
per million gals of sewage treated 
which produced a sludge having an 
average solid content of 2.6 percent. 
Excess water in the sludge tends to 
elutriate it thereby reducing its alka- 
linity. Difficulty with bridging of the 
sludge in the hoppers of the settling 
tanks makes it difficult to obtain 
sludge with a high solid content. Re- 
cently, the use of an air sparger to 
break the bridged sludge has allowed 
an increase in sludge concentration to 
4 percent which in turn has increased 
the pH to 6.9 and the alkalinity to 
over 2200 mg/l. 

The mixing of the chemicals with 
the sludge is a very important factor 
in the conditioning of sludge prior to 
filtration. We have found at New Ro- 
chelle that for maximum filter pro- 
duction the ferric chloride must be 
introduced first, followed by the ad- 
dition of lime. The conditioned sludge 
deteriorates very rapidly upon stand- 
ing and should be filtered as soon 
as adequate mixing is accomplished. 
In fact, samples of conditioned sludge 
taken from the filter vat changes in 
filterability so rapidly that samples 
could not be taken to the laboratory 
for study unless they could be tested 
almost immediately. Samples showed 
a serious increase in the specific re- 
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Ferric Chloride Dose (Per Cent) 
FIG. 2 THE EFFECT of ferric chloride dosages on the filtration rate. 


sistance value upon standing for 15 
minutes indicating that the material 
became more resistant to filtration. 
Thus, increased time between dosing 
and filtration result in lower rates and 
therefore lower filter capacity. After 
chemicals have been added and mixed 
with sludge the conditioned sludge 
should be discharged to the filter vat 
directly. In fact we have found that 
a higher filter rate is obtained at times 
by not operating the mixer in the mix- 
ing tank but relying on the movement 
of the sludge to obtain adequate mix- 
ing. 

Overdosing with ferric chloride 
while it is an uneconomical practice 
shows no evidence from our labora- 
tory experience or from actual filter 
operation that it retards the filtration 
rate. The curve in Fig 1 shows that 
there is a very definite point where 
the addition of more ferric chloride 
is not worthwhile since it increases 
the cost per ton. It has been demon- 
strated that proper sludge condition- 
ing is also essential for minimizing 
the moisture content of the cake, 


Other Factors 


Other factors which affect the fil- 
ter yield are speed of the drum and 
submergence. Fig 2 is a typical curve 
illustrating the effect of drum speed 
on filter yield. The lower curve is 
that reported by Schepman and Cor- 
nell* while the middle solid line is a 
typical curve on New Rochelle di- 
gested sludge using the coil spring 
filter. The top curve is a laboratory 
curve using a small leaf filter. In 
practice, there is a point where addi- 
tional speed of the drum has a detri- 
mental effect on filter rate. This point 
apparently depends on the solid con- 
centration of the sludge since if the 





Table | 


Cost of Filtering One Ton 
of Dry Solids 


Ferric chloride 60 Ibs. 
Lime 204 Ibs. 
Water 300 cu ft 
Power 90 Kwhrs 
Labor 2.6 hrs. 


Total 





$ 5.22 
2.24 
0.54 
1.80 
5.86 


$15.66 per Ton 
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FIG. 3 HOW DRUM SPEED effects yield. 


sludge is not heavy the decreased im- 
mersion time is not long enough to 
pull enough cake onto the springs to 
make an adequate seal to hold the 
vacuum. 


One of the most commonly used 
methods of measuring the filterability 
of digested sludge has been one of the 
many variations of the Buchner fun- 
nel test. However, this test is not sen- 
sitive to small changes in filterability 
and is difficult to translate to plant 
performance. Coakley has introduced 
a test applicable for sewage sludge 
and used by others for determining 
the filterability of industrial slurries 
which is known as specific resist- 
ance®. In this test, a type of Buchner 
funnel is used where the filtrate can 
be collected and measured with re- 
spect to time. A plot is made of the 
volume and the time divided by the 
volume resulting in a straight line 
whose slope varies with the filterabil- 
ity of the sludge. Although the appli- 
cation of this test is exceedingly use- 
ful to those interested in research 
studies the leaf filter test or the sim- 





Table 2 


Cost of Incinerating One Ton 
of Dry Solids 


Power 152 Kwhrs $ 3.04 
Water 350 cu ft 0.63 
Settled Sewage 200 cu ft 0.10 
Aux. Heat 27.5 gal of No. 
(2060 Btu per 2 oil 
Ib. of solids) 
2.6 hrs 





3.36 


Labor 5.85 


$12.98 per Ton 


ple Buchner funnel test seem to be of 
more practical use to the operator be- 
cause of the time involved in making 
a specified resistance determination. 

The costs involved to filter a ton 
of dry solids is shown in Table 1. 
All costs are included except depreci- 
ation of capital equipment. This item 
was not included since last year’s pro- 
duction of filter cake was only 35 
percent of the design capacity of the 
unit. 

The additional costs involved to in- 
cinerate the filter cake would amount 
to $12.98 per ton’ and is distributed 
as shown in Table 2. 

After two years of filter operation 
and about 35 hours of operation per 
week the coil springs of the filter ap- 
peared to stretch causing them to sag 
and did not allow them to tightly cov- 
er the filter drum. It was found that 
this stretching of the springs was due 
to calcium deposit building up in the 
interstices of the coil spring filter me- 
dia due to the use of lime. This also 
has been found to be a common oc- 
currence in cloth filter media causing 
a blinding of the cloth. We were ad- 
vised of a procedure found by the 
manufacturer to relieve the condition 
which consisted of washing the springs 
in a bath of acid. The procedure is 
a simple one where an acid solution 
called Oakite Sol. No. 32 is dumped 
into the filter vat and the springs are 
rotated in the bath until carbonate 
scale has been neutralized. The filter 
is then washed carefully and the 
springs are restored to their original 
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shape. This has been done twice in 
the last four years. 

There is in the literature a consid- 
erable amount of information on the 
effect of vacuum on filtration rate, 
notably that done by Coakley, Dahl- 
strom, Schepmann, Cornell and Trub- 
nick. Much of this information is in 
disagreement as far as the conclusions 
that are reached. Laboratory tests con- 
ducted at our plant at various vacu- 
ums ranging from 10-20 in. of Hg 
indicate that at the lower vacuum the 
yield is 88 percent of the yield at the 
higher vacuum. Coackley & Jones® 
have used a term which is the gradi- 
ent of the graph obtained by plotting 
log (specific resistance) vs. log (pres- 
sure). The slope of the curve using 
New Rochelle digested sludge ranged 
from 0.9 to 1.19. Coackley & Jones 
published a graph showing the theo- 
retical yield for various values of s 
for different vacuums. No explana- 
tion can be given for the values over 
unity except that our primary digested 
sludge has a high degree of compress- 
ibility. The greater the slope, the 
greater the compressibility and less is 
the effect vacuum has on yield. At 
least, with a sludge similiar to ours 
vacuum does not materially effect the 
filtration rate. 


Although great advancement has 
been made in equipment design in the 
past decade in the dewatering of sew- 
age solids more work is needed to de- 
termine more effective coagulating 
agents which will permit a reduction 
in costs of filtering. Unless these 
methods can be found it appears that 
other methods of sludge disposal may 
find their place in the sewage and 
industrial wastes fields. The use of 
coagulating aids and some of the other 
polymers recently being marketed may 
be one method of reducing filtering 
costs, 
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Sewage Solids Combustion 


by MARK B. OWEN 


Vice President, Nichols Engineering & Research Corp., New York, N. Y. 


® THE CHEMICAL COMPOSITION and 
sometimes the physical character of 
sewage solids is governed by the 
source of the sewage and the type of 
treatment process. 

Domestic, or residential, sewage 
will contain some saponifiable grease 
in relatively small quantities. Indus- 
trial sewage frequently carry high 
fractions of both saponifiable and pe- 
troleum base greases which have high 
calorific values. A sample of mois- 
ture-free sewage sludge from one 
plant contained over 44 percent 
grease and had a calorific value of 
16,957 BTU/\b of combustible matter. 

As the Table 1 will indicate, fresh 
undigested sludges have higher BTU 
values, and require, if any, less fuel 
to maintain combustion than digested 
sludges. 

All the solids removed from sew- 
age contain, or carry, organic mate- 
rials having high heat values. Even 
grit sometimes carries over 50 per- 
cent organic combustible matter, At 
Milwaukee, for example, over 98,000 
Ib of grit was burned that averaged 
54.5 percent volatile solids which 
solids had a calorific value of 11,400 
BTU/Ib. 


Vacuum Filter Sludge Cake 


When sludge is to be burned, the 
general practice is to treat the sludge 
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with compounds of either calcium or While the chemicals produce a 
iron, or both, and then partially de- more “filterable’ sludge and aid in 
water the mixture on vacuum filters. the production of sludges as low in 





Table | 
Sludge Heat Values 


Undigested Dry Solids 


%, Combustible % Ash BTU/Ib 
Combustible 


28.5 13,880 
27.4 12,320 
20.3 11,775 
28.3 11,335 
20.0 11,420 








Digested Dry Solids 


% Combustible %/, Ash BTU/Ib 
Combustible 


48.0 52.0 10,750 
48.3 51.7 9,825 
52.5 47.5 9,500 
59.6 40.4 8,980 
49.6 50.4 8,020 








Screenings 


% Combustible % Ash BTU/Ib 
Combustible 


80.2 19.8 10,350 
74.8 25.2 10,000 
92.0 8.0 10,000 
84.4 15.6 9,950 
86.4 13.6 8,990 








Other Solids 


%q Combustible Fis me = 
mbustible 





Grease & Skimmings 88.5 16,750 
Grit 33.2 10,140 
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MULTIHEARTH DRYING furnace flow sheet 


moisture as 65 percent, they also in- 
crease the ash content, thereby de- 
creasing the combustible fraction and 
the calorific value per pound of dry 
solids delivered to the furnace. 

The theoretical effect of chemicals 
on the fuel value of a sludge which 
before treated with chemicals, con- 
tained 60 percent volatile matter, is 
illustrated in the following computa- 
tions : 


Untreated sludge— 
Volatiles — 60% 
Ash — 40% 
Chemicals, percent of dry solids— 
Lime — 95% CaO 
CaO — 10% 
Fecls — 3% 
Vacuum filter cake— 


Moisture — 72% 


One hundred pounds of dry sew- 
age solids treated as above will be- 
come a mixture containing the fol- 
lowing quantities of materials: 


60.0 Ib 

40.0 

10.0 
3.0 
0.5 


— 113.5 Ib 


Theoretically the above chemicals 
could react to form either calcium 
carbonate or calcium hydroxide, and 


Sewage volatiles 
Sewage ash 
Cad 

FeCl; 

Lime inert 


Total 
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ferric hydroxide. These solids in wet 
sludge leaving a vacuum filter at 72 
percent moisture might have the fol- 
lowing analysis: 


60.0 Ib 
40.0 
11.1 
2.0 
0.5 
— 292.1 


Sewage combustibles — 
Sewage ash -- 
Ca(OH). — 
Fe(OH); — 
Lime inert — 
Moisture 


Total — 405.7 lb 


The dry solids in the filter cake 
are now 52.9 percent volatile matter 
—a decrease of 7.1 perecent from the 
original 60 percent. 


Theoretically, under optimum con- 
ditions of temperature and time, the 
hydroxides of calcium and iron will 
break down in accordance with the 
following equation: 


Ca(OH): + heat ~ CaO + HO 
2Fe(OH)s + heat > FeO; + 3H:0 


If these reactions occur in the fur- 

nace, the resulting ash contains: 
Sewage ash — 40.0 Ib 
CaO — 10.0 
Fe.O; 362 '$5 


Lime inert 


Total 


FLOW SHEET of multihearth furnace for burning sludge 


If one half of the FeCl, dose is 
taken as FeeO3 (ash), or 1.5 Ib, and 
added to the original quantities of 
dry inert materials, the total equals 
52 Ib exactly as in the tabulation im- 
mediately above. 


Since these reactions may not be 
carried out to completion in a sludge 
burning furnace, the chemicals added 
can be considered as ash. 


If the original dry sewage solids 
had a calorific value of 6,660 BTU/Ib, 
the addition of chemicals, as ash, low- 
ers this heat value to 4,800 BTU/Ib, 
or a reduction of 27.3 percent. 


The Herreshoff Sludge Furnace 


Furnaces are available having 
sludge burning capacities ranging 
from 200 lb/hr to over 8,000 Ib/hr 
of dry solids. Roughly the 24 hour 
ratings would be from about 9 tons 
to 300 tons of filter cake per day. 


Since the capacity is related to 
hearth area, the furnaces are designed 
with various diameters and with a 
varying number of hearths. The 
smallest furnace is a 93” OD, 4 
hearth unit; the largest is 22’3” OD 
with eleven hearths, 

The hearths are constructed of high 
heat duty fire brick and special fire 
brick shapes. The upper, or No. 1 
hearth in furnaces having an even 





number of hearths, has a centrai open- 
ing or port through which sludge 
passes to the second hearth. The up- 
per hearth in this case is termed an 
in-feed hearth; and the second, or 
next lower, an out—feed hearth. 

The top, or No. 1 hearth of fur- 
naces having an odd number of 
hearths, is an out-feed hearth; and 
the next lower, or No. 2 is an in-feed 
hearth. 

Out-feed hearths have ports or 
drop-holes around the periphery of 
the hearth through which the sludge 
passes to the next lower in-feed 
hearth, 

The central circular opening of the 
in-feed hearths are constructed to 
leave a large clear opening between 
the edge of the hearth and the wall 
of the shaft. The ports of the out- 
feed hearth are constructed to provide 
openings all around the hearth which 
permits a well distributed supply of 
sludge to drop to the next lower 
hearth and tend to regulate gas ve- 
locities. 

Two doors are generally provided 
at each hearth, fitted to cast iron 
frames having machined faces to pro- 
vide reasonably tight closures. An ob- 
servation port with closure is provid- 
ed in each door. 

Since the furnace may operate at 
temperatures up to 2000°F., the cen- 
tral shaft and rabble arms are effec- 
tively cooled by air supplied in regu- 
lated quantity and pressure from a 
blower discharging air into a housing 
at the bottom of the shaft. 

The central shaft is an iron column 
cast in sections. The sections en- 
closed by the furnace have a tubular 
inner column called the “cold air 
tube.” The annular space between 
the inner tube and the outer wall of 
the shaft exposed to furnace heat, 
serves aS a passageway for hot air 
and is referred to as the “hot air 
compartment.” 

The shaft rotates upon a hardened 
steel button set within a step bearing 
and is supported at the top by a sim- 
ple sleeve bearing. It is motor driven 
through means permitting adjustment 
of speeds of from about one-half to 
one and one-half revolutions per min- 
ute. 

Two or more rabble arms are con- 
nected to machined arm sockets in the 
shaft at each hearth. Each rabble arm 
is constructed with a central tube for 
the purpose of conducting air from 
the “cold air tube” of the central shaft 


to the extreme end of the rabble arm, 
thence back through an outer air 
space in the arm to the shaft and 
through passages opening into the hot 
air compartment of the central shaft 
from which it may be discharged to 
atmosphere or returned to the bot- 
tom hearth of the furnace as pre- 
heated air, for combustion purposes. 


Rabble arms and teeth used in the 
high temperature zones are cast of 
chrome-nickel-iron. Rabble teeth are 
cast with a dovetail button that 
loosely fits the dovetail groove along 
the underside of the rabble arm and 
designed so that when all teeth are 
in place, each tooth is automatically 
set at its correct angle upon the arm. 


Furnace Operation 


The multiple hearth furnace con- 
tains no open burning grates and is 
unlike other furnaces for burning 
wastes. Moreover, since this furnace 
has superposed hearths whereon sew- 
age solids move progressively 
through a drying and burning zone 
and, as ash, through a cooling and 
heat exchange zone, temperatures of 
the combustion gases at various 
points in the system are not compar- 
able to those occurring at apparently 
similar points in conventional refuse 
furnaces. 


When the furnace is in operation, 
sludge enters the top hearth through 
a hopper equipped with counter-bal- 
anced flap gates. If the top hearth is 
an in-feed hearth, the feed hopper is 
near the periphery ; if the top hearth 
is an out-feed hearth, the hopper 
is located near the center shaft. 


The revolving rabble arms to which 
are attached “in” rabble teeth, on an 
in-feed hearth, transmit the sludge 
across hearth No. 1 to the large cen- 
tral opening through which it drops 
to hearth No. 2. On hearth No. 2 the 
rabble arms with “out” rabble teeth 
transmit the sludge to the peripheral 
ports through which it drops to 
hearth No. 3. From here the sludge 
moves as on hearth No. 1 and so on 
through the furnace to the ash dis- 
charge port on the bottom hearth. 
Sludge is moved forward and inward, 
or outward, by the angle and direc- 
tion of the blades of the rabble teeth. 


In its travel across the hearths, 
sludge is constantly being turned and 
broken into smaller particles by the 
rabbling action produced by the rotat- 
ing rabble arms. Thus a maximum 


A SEVEN HEARTH UNIT handling 108 
tons of filter cake per 24 hr. 


sludge surface is exposed to the hot 
furnace gases that induce rapid and 
complete drying and burning of 
sludge. 

The rabbling action also forms 
spiral ridges of sludge on each hearth. 
The surface area of these ridges 
varies with the angle of repose of the 
sludge, and this angle varies with the 
moisture of the material. In any 
case, the surface area of sludge ex- 
posed to the hot gases is considerably 
greater than the hearth area. Thus 
an effective area of as much as 130 
percent of the hearth area is pro- 
duced. 

While the rabbling action provides 
significant solids-gas contact time on 
the hearths, the overall contact time 
is actually greater still, due to the 
fall of the sludge from in-hearth and 
out-hearth ports through the counter- 
current flow of hot gases. 

The gas flow during sludge burn- 
ing is upward through the Herreshoff 
furnace, or counter-current to the 
downward flow of solids. From an 
out-hearth, the gases flow upward 
through the inner drop hole of the 
hearth above, and across the sur- 
face of that hearth over to and 
through the peripheral drop holes of 
the next out-hearth above, thence 
through and across the remaining 
hearths to the furnace gas outlet. 
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When burning a normal load of 
sludge a Herreshoff furnace will pro- 
vide three rather distinct zones: 


a. Two or more upper hearths on 
which a major portion of free 
moisture is evaporated. 


. Two or more intermediate 
hearths on which sludgeburns 
producing temperatures exceed- 
ing 1500°F. 

c. A bottom hearth that serves as 
an ash cooling zone and in which 
preheated air from the control 
shaft is admitted when required, 
utilizing heat that would other- 
wise be wasted. An exchange of 
heat takes place between hot 
ash and cooler incoming air. 


Grit and Screenings Disposal 

At the Jones Island, Milwaukee 
sewage treatment works, one Herre- 
shoff furnace burns 50 to 60 tons of 
screenings and grit daily. During an 
official test, the characteristics of the 


solids burned were as shown in table 
2. 

“As fired”, the mixture averaged 
26.1 percent combustibles, 52.5 per- 
cent moisture, and 6,625 BTU/Ib. No 
fuel was required to maintain high 
temperature combustion. 

The multiple hearth furnaces in 
the Detroit sewage treatment plant 
have been burning grit, grease and 
sludge for many years. For the 10 
year period prior to July 1, 1955, the 
materials burned were as shown in 
table 3. 

The fuel oil required to burn these 
solids, during the 10-year period av- 
eraged 0.11 gallons per ton of wet 
solids, or 0.33 gallons per ton of dry 


solids. 


Operating Temperatures 


When burning sludge or any simi- 
lar fuel, a measure of the work done 
by the heat energy in evaporating 
moisture is given by the drop in tem- 
perature of the hot gases between the 





Table 2 
Solids Characteristics 


Tons 
per yr. 





17,812 
1,721 
172,731 


Grits 

Grease 

Sludge 

Weighted average 


% Volatiles 


%o Ash 





% Moisture 





50.6 
33.9 
65.7 
64.0 
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combustion zone and the gas outlet 
of the furnace. The temperature of 
the gases of combustion in a boiler 
furnace may average 2000°F., but by 
giving up heat to the boiler, may 
leave the furnace at 500°F. 


Similarly, a multiple hearth sludge 
furnace may generate gas tempera- 
tures in the combustion zone, exceed- 
ing 1500°F. These gases in sweeping 
over the wet cold sludge in the drying 
zone, perform useful work, in giving 
up a considerable portion of their 
heat content for evaporation of mois- 
ture. In this heat exchange the gas 
temperature frequently drop to 
500°F. at the gas outlet. But while 
this exchange of heat evaporates an 
important percentage of sludge mois- 
ture, it does not raise the sludge tem- 
perature higher than about 140°F. 
because the moisture evaporated 
tends to cool the mass it leaves. No 
significant quantity of volatile matter 
is driven off, and hence no obnoxious 
odors are produced. Generally speak- 
ing, when fuel is required to maintain 
combustion in a multiple hearth fur- 
nace, a gas outlet temperature above 
900°F. indicates too much fuel is 
being burned. 


The tabulation of furnace operat- 
ing temperatures, Table 4, and as 
recorded at the Marietta, Ohio plant, 
not only illustrates the results of ex- 
cellent furnace operation, it clearly 
pictures normal thermal conditions. 


Combustion of Unfiltered Liquid 
Sludge 

Reduction of undigested and di- 
gested sludges in Herreshoff furnaces 
has been practiced in many plants for 
more than twenty years. These oper- 
ations are fairly well known and the 
results well documented. During the 
same period raw unfiltered liquid 
sludges have been burned in two Ohio 
cities for over 15 years. These fur- 
naces incorporated no special features 
for handling liquid sludge other than 
the sludge feeding arrangement and 
the addition of extra fuel burners. At 
Piqua, Ohio, one of the two places 
where liquid sludge was burned, the 
solids content varied between 8 and 
17 percent. 

Based on the experience and rec- 
ord of these Ohio installations, we 
are now preparing to build by con- 
tract, under supervision of The Ches- 
ter Engineers of Pittsburgh a 16’9” 
OD 7 hearth furnace designed to util- 





ize exhaust gases from a refuse in- 
cinerator, and/or natural gas, to burn 
6,200 lb/hr of undigested sludge at 
88 percent moisture and with dry 
solids averaging 70 percent volatile 
matter. The calorific value of the 
sludge is expected to average 12,000 
BTU/\b of volatile solids. 

The waste gases from the refuse 
burning furnace are estimated to have 
an average temperature of 1400°F. as 
received at the sludge furnace. At this 
temperature, and based on a conserv- 
ative heat balance, about 26,000 cfm 
of gas will be utilized. 

To assure good distribution of 
waste heat throughout the various 
zones of the multiple hearth furnace, 
a manifold type vertical cylindrical 
chamber will be provided with damp- 
ered flue connections to five of the 
seven furnace hearths. 

This heat distribution chamber will 
also be equipped with natural gas 
burners, automatically regulated to 
augment the heat in the waste gas 
if the temperature of that gas falls 
below 1400°F. 

The sludge furnace will also be 
equipped with natural gas fuel burn- 
ers so that sludge may be burned 
whether or not waste gas is available. 

Although the furnace will be con- 
stantly flooded with gases entering 
at 1400°F. the gases leaving the top 
hearth are expected to average 
900°F. These exhaust gases will flow 
through an enlarged chamber 
equipped with fuel gas burners ca- 
pable of releasing about 5 million 
BTU/hr. Thus, if ever required, the 
stack gases may be subjected to the 
high flame temperatures—2000°F. or 
higher, of burning natural gas. 

While the combustion of very high 
moisture sludges in multiple hearth 
furnaces is attended by a minimum, 
and frequently insignificant quantities 
of particulate matter in the exhaust 
gases, a baffled wet spray chamber 
will be provided to assure cool clean 
stack gases. 

In lieu of the tall brick or steel 
chimney commonly associated with 
waste burning or steam producing 
furnaces, the spray chamber emitting 
gases under 600°F. permits the use 
of an induced draft fan and a rela- 
tively short stub steel stack. 

Electrical energy consumption for 
this operation is warranted to be less 
than 55 kwh. 

When one ventures to estimate 
operating costs of any municipal facil- 





Table 3 
FURNACE FEED 


As received 





y , 5 Vol. 


Dry Solids Btu/Ib. 


Moisture 
, % Ash asrec'd. 





13,209 
34,775 
98,549 
9,407 


Coarse screenings 
Fine screenings 
Grits 

Chaff 


66.4 74.8 
80.2 
52.1 


67.0 


25.2 
19.8 
479 
33.0 


2,510 
3,760 
2,700 
6,170 





Total 
Weighted average 


155,940 


60.7 39.3 3,150 





ity, one treads on thin ice. However, 
in the case of the project discussed 
herein above, it is the writer’s per- 
sonal opinion that under the optimum 
conditions contemplated, the cost of 
operating and maintaining these facil- 
ities will be in the neighborhood of 
$10.00 per ton of dry solids—surely 
less than $12.00 per ton. 

In view of recent advances in the 
art of thickening sludges, there may 
be other instances where the combus- 
tion of concentrated sludge can offer 
important economic advantages, eith- 
er by the use of commercial fuel, 
waste high temperature gases or a 
combination of both. 


Sludge Drying 

When a multi hearth furnace is to 
be used for drying sludge, a gas out- 
let, in addition to the one at the top 
hearth, is provided at the bottom 
hearth. During drying operations the 
top gas outlet is closed by a damper 
and the lower one opened by a damp- 
er. By this arrangement, gases are 
down-drafted and travel concurrently 


through the furnace with the drying 
solids. 

Since the sludge is wettest on the 
top hearth most of the heat for drying 
is released at that level. As the solids 
and gases move downward through 
the furnace, the gases become cooler 
and the solids become drier. At the 
point of exit from the furnace, the 
gas temperature will be about 300° 
to 350°F., and the solids temperature 
about 100°F 

In the very moist atmosphere of 
the top hearth, it is sometimes diffi- 
cult to release all the heat at that 
point that is required to dry all the 
sludge. This problem is eliminated 
in the furnace—dryer by providing 
a chamber above the top hearth, 
which is in fact two chambers—a 
fuel combustion chamber and a gas 
reheating chamber. 

The hot air and gases released in 
the dry atmosphere of the combustion 
chamber by fuel burners, are drawn 
down through the center drop-hole 
and across the wet sludge being fed 
into hearth No. 1, and thence across 





Table 4 


Operating Temperatures 
Marietta, Ohio 


Gas 
Outlet 





Shaft 
Cooling Air 


Hearths 
3 


4 5 





AM 700 


700 


1180 
1250 
1150 
1250 
1170 
1230 
1160 
1130 
1200 
1250 
1250 
1130 


1700 
1800 
1680 
1760 
1690 
1700 
1640 
1650 
- 1720 
1770 
1700 
1630 


1360 
1370 
1400 
1360 500 
1350 500 
1260 490 
1180 470 
1420 500 
1400 480 
1330 490 
1250 480 
1260 430 


480 
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the hearths below, concurrently with 
the sludge. 

With the burners thus located, it 
will be apparent that the flames can 
not be seen by the sludge, and for 
this reason the sludge will not be di- 
rectly exposed to the radiant heat of 
the flames. Also, the hot gases in and 
about the flames will have oppor- 
tunity to become thoroughly mixed to 
form volumes of gas of uniform tem- 
perature before passing down through 
the center drop-hole of the combus- 
tion chamber into contact with the 
sludge. Thus, any tendency to over- 
heat the sludge by regions of exces- 
sively hot gases will be avoided. 

The gases and vapors, after passing 
through the furnace across the vari- 
ous hearths, are drawn through a 
duct to the reheat chamber. This 
chamber is provided with refractory 
baffles positioned to provide a tor- 
tuous path for the gases passing 
through the chamber. Fuel burners 
are located so as to project high tem- 
perature flames into the somewhat re- 
stricted gas passages located at the 
ends of the baffles. 

The gases passing through the re- 
strictions are not only subjected to 
turbulence but to the high temper- 
ature treatment of the flames, causing 
decomposition of any odoriferous 
gases or ignition of fine particulate 
matter that may be present. 

To insure turbulence, mixing and 
remixing of the gases, a firebrick 
checkerwork wall extends across the 
chamber and the path of the flow of 
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gases. 

One or two dampered openings are 
provided through the dividing wall of 
the two chambers, the dampers being 
controlled manually, or automatically 
by thermostatic means actuated by 
the temperature on any one of the 
hearths as desired. Thus when the 
temperature rises to a predetermined 
point the dampers may be manually 
or automatically opened to quickly 
discharge hot gases from the combus- 
tion chamber into the reheat chamber, 
thereby minimizing the further flow 
of hot gases down into the furnace. 

Sludge drying is mainly a process 
for evaporating water. Since the end 
products of the process are similar 
temperature-wise in all processes of 
drying that may be used, there should 
be little or no difference in the 
thermal efficiencies of such processes 
or systems. 

Mechanically, there are wide dif- 
ferences in equipment and the meth- 
ods of solids handling that produce 
very great differences in the physical 
character of the end product. 

Thermal efficiencies being equal 
there remain only the labor, power 
and maintenance factors by which the 
economics of drying sludge may be 
measured. 

Practically and economically, it 
would appear logical that any drying 
system should also incorporate burn- 
ing facilities. Such means permits 
complete disposal at all times of not 
only sludge but grit, grease and 
screenings as well, 


Conclusion 


The cost of burning sewage solids 
varies with the physical and chemical 
character of the solids; and these 
variations stem principally from the 
type of sewage, the treatment process 
employed, and by the presence or 
omission of certain steps in the proc- 
ess. 

Solids entering the treatment 
plants contain the highest heat value ; 
during aeration and/or digestion a 
considerable portion of the heat value 
is lost. When these solids are chem- 
ically treated prior to partial dewater- 
ing on vacuum filters, the heat value 
is diluted further. 


Generally speaking, man-hours of 
labor vary widely throughout the 
country. Some communities require 
the presence of two men on all oper- 
ations for safety reasons; a sound 
policy in any activity. On the other 
hand there are innumerable opera- 
tions presided over by only one per- 
son for an entire working shift. Fre- 
quently furnace operating costs in- 
clude the full time of one man per 
shift, whereas more than one-half of 
his time may be expended otherwise. 


Maintenance items are frequently 
the subject of much controversy. If 
municipalities were permitted to ac- 
cumulate unexpended maintenance 
funds that are arbitrarily set up as 
a percentage of the first cost, many 
pieces of equipment could be com- 
pletely re-built every 10 or 15 years. 
As everyone knows, a new machine 
may cost $100 to maintain the first 
year, and $1000 during the fifth year. 
How then should one establish a real- 
istic annual maintenance fund? 


When all costs—operation, main- 
tenance and debt service are consid- 
ered, undoubtedly there will be many 
plants, where primary treatment only 
is required, that could economically 
justify the burning of concentrated 
undigested sewage solids, and many, 
the burning of filtered fresh sludge. 


Since a little over half of the mul- 
tiple hearth furnaces operating in 
sewage plants are burning digested 
sludges, there unquestionably are 
many places where neither of the first 
two methods would be applicable. 


The combustion of sewage sludge 
in Herreshoff furnaces has now been 
practiced for 24 years, during which 
time smokeless and odorless inciner- 
ation of these solids has been proved 
beyond a doubt. 





At the modern 


sewage treatment plants 


in these cities 


C-E RAYMOND 


is the choice for sludge disposal 


Here are some reasons why the 

C-E Raymond Flash Drying and Incineration System 
has been selected by treatment plants 

throughout the country. . . 


Flexible — It reduces filter cake to non-lumpy particles 
of uniform low moisture content without scorching ...a 
product very suitable for use as soil conditioner . . . or if 
sludge characteristics render it unfit for this use, quickly 
incinerates it to a sterile ash. It is available with high 
temperature deodorization and fly ash collection. 


Efficient — It assures built-in plus-performance for effec- 
tive and controlled drying of filter cake with high 
thermal efficiency. This means less fuel cost penalty 
when incinerating low heat-content sludges since design 
thermal efficiency can be consistently maintained. 


* 


Advanced — It incorporates small groups of arch bricks 
individually hung from steel supports rather than rely- 
ing upon self-supporting refractory arches. This re- 
quires little maintenance, makes arch failure virtually 
impossible, and permits rapid start-ups . . . less than 30 
minutes for furnaces capable of burning in excess of 120 
tons of filter cake daily. It has the most fully automatic 


controls for drying and furnace operation of any system 
available. 


Proven — It is the most widely used method for heat dis- 
posal of sewage sludge. More filter cake is dried and/or 
incinerated in the C-E Raymond System than in all other 
systems combined. 


For further details contact the Combustion Engineering 
office nearest you. Our engineers will be happy to dis- 
cuss, with you or your consultants, how this system can 
benefit your community. 
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Thickening of Raw Sludge 


@ A series of pilot-plant experiments 
was conducted at the Back River sew- 
age treatment works, which serves the 
city of Baltimore, Md., to determine 
how the concentration of the solids 
in sludge drawn from a settling tank 
varied with the amount of suspended 
solids in the tank effluent and also 
with the depth of sludge blanket in 
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the tank. The solids loading fed to 
the tank was varied from 9.3 to 21.0 
lb per sq ft per day. The greatest 
concentration of solids in the sludge 
withdrawn averaged 8.4 percent when 
the suspended solids in the tank influ- 
ent averaged 2,203 mg/l, the suspend- 
ed solids loading averaged 14.2 Ib per 
sq ft of tank surface per day, and the 
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FIG. |. RELATIONSHIP between suspended solids loading in setting tank 
and solids in sludge withdrawn from tank. 
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sludge blanket was 1.5 ft deep 
(Fig. 1). These experiments were in 
general similar to the previous work 
done by Genter Torpey, and others. 

The desirability of thickening sludge 
before pumping it into digesters has 
been recognized for many years. In 
1944 Goudey * stated that the prac- 
tice of elutriating sludge to produce 
a denser material had been “recog- 
nized and used even prior to 1930.” 
He failed, however, to refer to any 
specific installations where this meth- 
od of sludge concentration had been 
adopted prior to that date. It was not 
until Genter ? had invented and 
developed his process of sludge elu- 
triation that it became evident that this 
method of sludge treatment not only 
removed a considerable percentage of 
the bicarbonates from sludge, but also 
concentrated the sludge solids by re- 
moving the entrained gases. 

By using the elutriation process 
Backmeyer * was able to increase 
the solid content of the digested sludge 
at Marion, Ind., from 5.5 - 6.7 percent 
to 8.7 - 10.0 percent. Genter * also 
discovered that the solids in the super- 
natant liquor of digestion tanks could 
be thickened by mixing this liquor 
with sewage plant effluent, river wa- 
ter, or relatively pure water, subject- 
ing the mixture to sedimentation and 
withdrawing the concentrated solids. 
At the Bowery Bay sewage treatment 
plant in New York City in 1952-53 
Torpey ® found that when primary 





settling tank sludge was mixed with 
a large volume of dilute activated 
sludge and then settled, the sludge 
withdrawn frequently contained more 
than 15 percent solids. At a small 
pilot-plant installation at Middlebor- 
ough, Mass. *, and at the sewage 
treatment plant serving Beaumont, 
Tex. 7, it has been demonstrated 
that combined primary and trickling 
filter sludges can be concentrated by 
following the general procedure de- 
veloped by Torpey. 


Description of Baltimore Experiments 

The tank in which the sewage 
solids were concentrated had an in- 
ternal diameter of 10 ft and a work- 
ing depth of 9.0 ft. The floor of the 
tank had a slope toward the center 
of 2% in. per ft. The influent 
entered the center of the tank near 
the surface through a 4-in. pipe and 
flowed radially outward over a V- 
notched annular weir near the tank 
periphery. Suspended from a vertical 
shaft at the center of the tank was a 
sludge thickening mechanism, which 
was provided with a _ picket-fence 
thickener and squeegee blades for 
moving the sludge along the tank 
floor to a 4-in. sludge outlet pipe at 
the vertical center line of the tank. 
The central vertical shaft was rotated 
by an electric motor at % rev per 
min. 


The sludge solids to be thickened 
were pumped from the 8-in. sludge 
withdrawal pipe of one of the seven 
primary settling-tanks at the Back 
River sewage works. This tank had 
a theoretical detention period of 2 hr 
when treating 25 mgd. The raw sew- 
age flowing to this tank contained ex- 
cess activated sludge and trickling 
filter sludges produced at the treat- 
ment plant. It is estimated that the 
raw sludge contained about 55 per- 
cent of primary tank solids, 25 per- 
cent of activated sludge, and 20 per- 
cent of trickling filter sludge. These 
sludge solids were pumped into an 
elevated mixing tank, to which was 
added primary settling tank effluent. 
The mixture of sludge solids and 
tank effluent discharged over a weir, 
which measured the rate of flow, and 
through a pipe into the center of the 
settling tank. The concentration of 
solids in the influent to the settling 
tank was regulated by varying the 
quantity of primary settling tank 
effluent added to the sludge solids. 
This concentration ranged from about 
1,400 to 3,200 mg/l. One of the chief 
purposes of the experiment was to 
see how the concentration of solids 
in the sludge withdrawn from the 
settling tank varied with the concen- 
tration of solids in the influent to 
the tank. 

The flow to the tank was main- 
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tained at about 43 gpm. The theoreti- 
cal detention period in the tank was 
about 1.5 hr, and the surface loading 
was approximately 790 gal per sq ft 
per day. As the experiments were 
conducted during a considerable por- 
tion of the year, there was a wide 
range in the temperature of the sew- 
age from a minimum of 40° to a 
maximum of 68° F. The depth of 
sludge blanket in the settling tank was 
varied from 1.0 to 3.0 ft. 

The experimental work was begun 
in December 1957 and completed in 
October 1958. Four groups of tests 
were made. During the first group 
(Table 1) the suspended solids in the 
influent to the settling tank varied 
from 1,407 to 1,616 mg/l with an 
average of 1,510 mg/l, and the sus- 
pended solids loading applied to the 
tank ranged from 9.3 to 10.6 lb per 
sq ft per day with an average of 9.9 
lb. The suspended solids in the ef- 
fluent averaged 198 mg/l and the 
solids in the sludge withdrawn from 
the tank amounted to 4.6 percent. The 
average removal of suspended solids 
from the influent was 86.9 percent. 
The solids in the sludge withdrawn 
from the tank contained an average of 
68.5 percent of volatile matter, where- 
as the suspended solids in the tank in- 
fluent contained 71.4 percent. There 
was thus some washing out of volatile 





Table | 


Sludge Thickened in Settling Tank With Average Suspended Solids 
Loading of 9.9 Pounds Per Square Foot Daily 





influent 


Susp. solids 


Temp. 


tity Pp 
(gpm) (°F) (mg/l) 


Effi. 
Tank 4 Susp. 


Sludge 
Loading’ oy 
mg 


Volume 
Ratio® 


Sludge Withdrawn 
Quan- 


(3ph) 


Sol. 
(%) 





42 1,525 
1,516 
1,498 
1,510 
1,488 
1,529 
1,536 
1,461 
1,475 
1,491 
1,407 
1,471 
1,489 
1,496 
1,566 
1,616 
1,598 


1,510 








43 52.5 


(Ib) 
139 


202 
269 
216 
239 
168 
171 
186 
179 
166 
49 
161 
69 
196 
277 
226 
249 


198 





4.6 
4.4 
4.3 
4.1 

4.8 
4.5 
4.6 
5.2 
6.1 

6.0 
49 
6.0 
4.3 

3.0 
3.2 
4.1 

4.0 


4.6 





* Pounds per sq ft per day. 
* Dry solids basis. 
* Sludge volume ratio = 


Volume of sludge in thickener 





Volume of sludge withdrawn daily 
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Table 2 


Sludge Thickened in Settling Tank With Average Suspended Solids 
Loading of 11.7 Pounds Per Square Foot Daily 





Influent 


Susp. solids 


Temp. 
(FY (mg/l) 


Susp. 


Sol. 
(mg/!) 


Vol. 
Sol.? 
(%) 


ank Sludge 
Volume 


Ratio*® 





1,749 
1,810 
1,731 
1,699 
1,776 
1,796 
1,801 
1,831 
1,809 


1,778 


Sludge Withdrawn 


Depth 
of 
Quan- 


ti Sol. ; lanket 
(aph) ( 


(%) (ft) 





77.5 221 
68.2 211 
68.4 206 
70.4 212 
72.8 306 
70.9 299 
72.0 316 

319 

311 


267 


6.7 

7.1 A 

7.0 : I 
6.6 

7.0 


5.0 
5.3 
6.2 ‘ 2 
6.1 


6.3 





For notes see Table |. 





matter that discharged with the ef- 
fluent. 

The depth of the sludge blanket in 
the tank was maintained at 1 and 2 ft. 
This difference in depth had con- 
siderable effect on the concentration 
of the sludge withdrawn. The solids 
in the sludge averaged 5.0 and 3.7 
percent when the sludge depths were 
1.0 and 2.0 ft, and the ages of the 
sludge withdrawn averaged 0.45 and 
0.54 day, respectively. 

During the second group of tests 
(Table 2) the suspended solids in the 
influent to the tank was increased to 
an average of 1,778 mg/l, and the 
loading of suspended solids averaged 
11.7 lb per sq ft per day. The sus- 
pended solids in the effluent from the 
tank increased to 267 mg/l] and the 
removal of suspended solids amounted 
to 85.0 percent. At the same time the 
concentration of solids in the sludge 
withdrawn from the tank averaged 


~ 


6.3 percent. The depth of the sludge 
blanket materially affected the con- 
centration of the sludge withdrawn 
from the tank. When the blanket was 
1.0 ft deep, the solids in the sludge 
varied from 6.6 to 7.1 percent with 
an average of 6.9 percent; when the 
blanket was 2.0 ft deep, the solids 
varied from 5.0 to 6.2 percent with 
an average of 5.7 percent. Here 
again a more concentrated sludge was 
obtained with a thinner blanket. 
The suspended solids loading dur- 
ing the third group of tests (Table 3) 
averaged 14.6 Ib per sq ft per day. 
The sludge withdrawn contained 8.4 
percent of solids when the solids load- 
ing averaged 14.2 Ib per sq ft per day, 
the sludge blanket was 1.5 ft. deep, 
and the age of the sludge withdrawn 
was 0.70 day; and the sludge con- 
tained 5.9 percent of solids when the 
age of the sludge was 0.82 day and 
sludge blanket was 3.0 ft deep. 


When the suspended solids loading 
was increased to 20.1 Ib per sq ft per 
day (Table 4) there was a decrease 
in the average solids concentration in 
the sludge withdrawn to 6.9 percent. 
With a 2.0-ft depth of sludge blanket 
and a sludge age of 0.59 day, the 
sludge withdrawn contained an aver- 
age of 8.0 percent solids ; with a 3.0-ft 
depth of sludge blanket and a sludge 
age of 0.64 day, the sludge withdrawn 
contained an average of 6.2 percent 
solids. 


Discussion 


The chief purpose of the experi- 
ments was to determine the effect of 
increasing the concentration of sus- 
pended solids in the tank influent on 
the performance of the thickening 
tank and particularly on the concen- 
tration of the solids withdrawn from 
the tank. The solids in the sludge in- 





Table 3 


Sludge Thickened in Settling Tank With Average Suspended 
Solids Loading of 14.6 Pounds Per Square Foot Daily 





Influent 


Susp. solids 


Temp. 
(°F) 


(mg/!) 


Sludge 
Volume 
Ratio*® 


Susp. 
Sol. 
(mg/I) 


Sludge Withdrawn 
Quan- 


(seh) 


Sol. 
(%) 





60 2,098 
58 2,260 
59 2,116 
60 2,228 
60 2,311 
51 2,298 
52 2,311 
5| 2,268 
49 2,299 
49 2,301 


42.5 54.9 2,249 


262 
290 
260 
246 
281 

316 
311 

30! 
321 
317 


291 





eo go 
o> 


MNO oO @ 
NW @u& w—o oN 





For notes see Table |. 
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HARDINGE SANITATION EQUIPMENT 


@ CIRCULAR CLARIFIERS 
Hardinge Circular Clarifiers are available In sizes up to 200° diameter, either center-column or beam sup- 
ported for steel, concrete, wood or tile tanks. Sludge scrapers remove settled solids rapidiy through 
central underflow discharge. Bulletin 35-D-15. 








’ @ RECTANGULAR 

® THICKENERS Especially suited for limited 9 
t one ank. 

Sor comes af fine ng solids from ~~~ Aye +A. settled solids from the 

vents scraper breakage Bulletin 31-E-15. Satletin 36-0-16. 


PROP oA Ot 


® AUTOMATIC BACKWASH 


RAPID SAND FILTERS ® DIGESTERS 
For high removal of non-settling or slow settling suspended matter Sludge scrapers and scum breaker arms prevent scum 
Self-cleaning send bed. No shut-down necessary for backwashing. T: |. ccumulation, insure if ducti a 
ing backwash mechanism. Bulletin 46-A-15. “rah pare dense digested sludge. Bulletin’ 36-D-15. 





@ FLOCCULATING 
UNITS 


Slowly rotating paddies on vertical 
fts bring the small flocs into con- 
tact to form larger masses a 


hasten precipitation. Bulletin pls ®@ HYDRO-CLASSIFIERS 


A large-volume classifier for rapid separation of coarse and fine sus 


pended solids. Frequently used for by-product recovery from waste water. 
Bulletin 39-C-15. 
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Table 4 


Sludge Thickened in Settling Tank With Average Suspended 
Solids Loading of 20.1 pounds Per Square Foot Daily 





Influent 
Susp. 
= T, 
t emp. 
(gem) (°F) (m/l) 


solids 
Tank 

Loading’ 
(Ib) 


Sludge 
Volume 
Ratio*® 


“sm 
Sol. 
(mg/l) 


Sludge Withdrawn 
Quan- 


(aph) 


Depth 
of 


Sol. 
(%) 


Blanket 
(ft) 





él 2,898 
3,101 
3,076 
3,200 
3,196 
3,098 
3,106 
3,200 
2,790 
2,899 
3,116 
3,096 
3,119 


3,069 





19.0 
19.7 
20.2 
21.0 
21.0 
20.4 
20.4 
21.0 
18.4 
19.1 
20.8 
20.3 
20.5 


20.1 


368 
391 
288 
301 





a 
J 





For notes see Table |. 





creased from an average of 4.6 per- 
cent to 7.2 percent as the suspended 
solids in the tank influent were in- 
creased from an average of 1,510 to 
2,249 mg/l, which corresponded to 
average solids loading of 9.9 and 14.6 
Ib per sq ft per day, respectively. As 
the loading was increased beyond the 
latter amount, the solids in the sludge 
withdrawn from the tank became less. 

The depth of the sludge blanket in 
the tank had a material effect on the 
concentration of the solids withdrawn. 
The concentration varied inversely as 
the depth of the blanket. Maintaining 
a deep blanket of sludge increased the 
age of the sludge and decreased the 
concentration. It is possible that the 
longer the sludge was retained in the 
tank the more entrained gas it con- 
tained and the less was the concentra- 
tion of solids. 

Operating with a deep sludge blan- 
ket resulted in the effluent having a 
higher suspended solids content. For 
example, when the suspended solids 
loading averaged about 20 Ib per sq 
ft per day, the suspended solids in 
the effluent averaged 461 mg/l when 
the sludge blanket was 3.0 ft deep, 
whereas when the blanket was 2.0 ft 
deep the effluent contained an aver- 
age of 325 mg/l. 

As was to be expected, there was 
a consistent increase in the suspended 
solids in the effluent as the suspended 
solids in the influent increased. For 
example, when the average suspended 
solids in the influent was 1,510 mg/1 
(Table 1) the effluent contained an 
averaged of 198 mg/l of suspended 
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solids, whereas when the influent con- 
tained an average of 3,069 mg/l 
(Table 4) the suspended solids in the 
effluent averaged 405 mg/l. There 
was, however, remarkably little varia- 
tion in the percentage removal of sus- 
pended solids. These removals in 
general averaged between 85 and 87 
percent. 

Torpey and Lang * found that 
the solid concentration of thickened 
sludge varied inversely as the percent- 
age of volatile matter in the sludge. 
During the tests conducted at the 
Back River plant there was insuffi- 
cient variation in the volatile content 
of the sludge to determine what role 
this factor played in concentrating 
sludge. 

During the past five years the 
sludge drawn from the primary set- 
tling tanks has contained an average 
of 4.6 percent solids. By mixing the 
sludge solids with tank effluent and 
treating the mixture in a thickening 
tank with a suspended solids loading 
of 14 to 15 Ib per sq ft per day, it 
is anticipated that sludge containing 
from 8.0 to 8.5 percent solids can be 
obtained. If such is the case, the 
quantity of raw sludge handled will 
be decreased about 45 percent. There 
will be a saving of approximately 5.6 
mil cu ft per month of sludge gas, 
which is used to raise the temperature 
of the sludge pumped into the 
digesters. The heat value of this gas 
is equivalent to the heat value in 
22,000 gal of bunker C fuel oil, 
which costs $0.0575 per gal. Large 
quantities of this oil are used at the 


sewage plant to heat dry the sludge. 
As the furnaces used for this purpose 
are also equipped with gas burners, 
any gas saved to raise the temperature 
of the raw sludge pumped into the 
digesters could be used in place of the 
oil during a considerable portion of 
the year at a saving of approximately 
$1,270 per month. 

Pumping sludge containing 8.0 to 
8.5 percent instead of 4.6 percent 
solids into the digesters would greatly 
improve their efficiency, as the vol- 
ume of sludge to be handled would 
be greatly reduced and the length of 
time the sludge could be retained in 
the digesters would be materially in- 
creased. Furthermore, there would be 
much less supernatant liquor drawn 
from the digesters. This liquor, which 
has both high B.O.D. and high sus- 
pended solids content, is pumped into 
the raw sewage. Any reduction in the 
volume of this liquor would naturally 
reduce the strength of the raw sewage. 


Conclusions 


The following conclusions seem 
warranted insofar as the conditions 
at the Baltimore sewage works are 
concerned : 


1. When raw sludge was diluted 
with settled sewage and treated in a 
thickening tank, sludge containing 8.0 
to 8.5 percent solids was obtained 
when the suspended solids loading of 
the tank was maintained at about 14.0 
to 14.5 lb per sq ft of tank surface 
per day. Decreasing or increasing 
this loading decreased the solids con- 
centration of the sludge. 





2. Decreasing the thickness of the 
sludge blanket increased the solids 
concentration of the sludge. 
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Automatic Variable Speed Pumping of Sewage 


® FLOAT CONTROLLED variable speed 
pumping has now assisted in the de- 
velopment of more efficient and econ- 
omical sewage treatment plants. 


Advantages 


The use of the magnetic drive and 
proper float control, through which 
variable speed is obtained, has con- 
siderable effect upon the pump sizing 
and designs, as well as the cost of 
the system. It also has these other 
desirable features : 

1. The grit chamber or collecting 
well can be made twenty-five to thirty- 
five percent smaller because they can 
be designed for the average flow in- 
stead of the maximum flow. The 
pump, through the magnetic drive and 
proper float control, will then pick 
an intermediate speed that will handle 
the flow. As the flow increases, the 
pumps increase their speed to what- 
ever is necessary to handle the flow, 
or conversely, it decreases in speed 
to handle the lower flows. Also, the 
use of constant speed pumps would 
very likely display a poor power factor 
because of over-pumping. This would 
result in poor efficiency resulting 
from putting extra pumps on or tak- 
ing them out of service, to handle a 
varying flow. 


2. Over-pumping or under-pump- 
ing also usually occurs where wound 
rotor motors are used, because these 
speed up or down in very definite 
steps. No matter how many speed 
steps, each step is a very definite per- 
centage in speed change. For example : 
If a 600 rpm wound rotor motor was 
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to slow down one step, there would be 
about a three percent speed change 
downward to 582 rpm. This is based 
upon the regular or normal eleven 
point control. Now, if the flow was 
such that only a speed change of 10 
rpm. was needed the wound rotor mo- 
tor would be over-pumping. A mag- 
netic drive, however, could drop to 
590 rpm or 596 rpm, er whatever 
exact speed would be required to hold 
the predetermined levels. This has 
quite an effect upon the power curve. 


3. More steps of control can be 
obtained with the wound rotor motor 
at additional cost. If this is done, the 
cost fast approaches that for stepless 
speed change of the magnetic drive. 
Only a liquid Rheostat can give the 
wound rotor motor stepless speed 
change. However, the liquid Rheostat 
cost alone is very mych higher than 
the magnetic drive, and the additional 
building structure needed to house 
this equipment sends its cost too high 
to be economical, except in those cases 
where horsepower involved is greater 
than magnetic drive availability. 


4. Constant speed pumps are more 
efficient than variable speed pumps. 
Although motor losses in either case 
are equal, the magnetic drives suffer 
from a 3 percent slip. Wound rotor 
motors have approximately the same 
slip for each speed change. However, 
when operating on any given speed, 
the wound rotor motor operates as a 
constant speed motor. 

3ut. the entire study cannot and 
should not be judged on pump and 
motor efficiency. These units com- 


prise only a small part of the sewage 
plant. With the magnetic drive units, 
the plant gets a more even feeding, 
which increases its overall efficiency 
by quite a margin. The pumps main- 
tain their efficiency longer, and main- 
tenance is greatly reduced. 


5. Since the plant is fully auto- 
matic, it is safe to assume one man 
per shift can be eliminated. Based on 
a salary of about $4,800.00 per year, 
three (3) times $4,800.00 a year 
could be the saving on manpower 
alone. If salaries are higher, the sav- 
ings would be more. 


6. In plants where complete treat- 
ment is used, surges to the grit cham- 
ber resulting from starting additional 
constant speed units, are eliminated 
by the use of variable speed pumps, 
driven by magnetic drives. 


7. Variable speed magnetic driven 
pumps, with float control and recycl- 
ing feature, brings all pumps into 
service at minimum speed, minimum 
horsepower and minimum capacity. 
The pump will speed up gradually 
until output equals inflow. Thus, no 
power is wasted, peak power demands 
are held to a minimum, and since 
there is less stirring up of the sand, 
gravel and grit, there is very little 
cutting of the impeller, impeller wear- 
ing rings and casing wearings rings. 

Without the proper float control, 
the magnetic drive could not produce 
these desired operational benefits. 

The float control must be sturdy 
and have a large diameter, heavy 
float, for ironing out surges in the 
float tube caused by wet well turbu- 
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OBJECTIVE PERFORMANCE 


EFFICIENCY AND ECONOMY WITH 


Haag Duy 


NON-CLOG PUMPS 


For handling heavy liquids... and solids in suspension. 
Ideal for public utility and industrial wastes. 


Capacities to 9000 GPM « Heads to 150 feet « Solids 
size to 6 inches 


« Easy Installation e Large Passageways 


e Easy Disassembly ¢ Many optional features 


« Smooth— Quiet available 


operation e Uniquely balanced 


¢ Hand cleanout provided impellers 


in casings e Engine or combination 


: drives available 
e Detachable suction and 


packing covers e Deep packing boxes 





TYPE KCM VERTICAL— Utmost 


TYPE KUC VERTICAL—For com- compactness... close-coupled ALTERNATE IMPELLER DESIGN 
pact installation with flexible design. . . low suction. 
coupling drive...motor high 


above floor. ENCLOSED 
NON-CLOG 
hk Pg ~ VANE 

i. SINGLE 

Y | PASSAGE 


TYPE KU VERTICAL—For flexible TYPE KS VERTICAL SUMP—For 

shaft drive ... misalignment proof heavy duty wet pit service. Com- 

-..elevated motor protection plete unit engineered to specific TYPE KGG HORIZONTAL—Rugged base mounted unit 

against pit flooding. pit requirements, .. for use where suction conditions permit horizontal 
mounting. 

















ASK FOR... 
MONO-VANE BULLETIN 121MV AURDRN AURORA PUMP sell ace 4 
vigtecetieiey tdamede she klwaya NEW YORK AIR BRAKE CO “nt (ff) 


SUMP BULLETIN 104 UM PZ 905 LOUCKS + AURORA, ILLINOIS 


LOCAL DISTRIBUTOR IS LISTED IN THE YELLOW PAGES OF YOUR PHONE BOOK 
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lence. A light float would signal all 
surges to the magnetic drive and 
cause it to be continually speeding up 
and slowing down. The magnetic 
drive with float control is very sensi- 
tive to changes in excitation demands. 
The float should weigh about 90 
pounds ; the counter weight about 45 
pounds. 


Operation of Hoat Control 


Each float control has a vertical 
dial indicator geared to the wet well 
level through a vertical rack. This 
connects to a spur gear attached to 
the sprocket chain shaft. The indica- 
tor has a vernier target which is very 
easy to read, even at a distance, and 
gives accurate reading of the wet well 
level. 

Bulls eye lights, placed on this dial, 
light at the elevations the specifica- 
tions designate certain pumps are to 
start operating. This enables operat- 
ing personnel to easily see how many 
pumps are in service, and gives them 
a clear picture of the entire system 
operation. 

Variable speed operation of pumps 
depends primarily on the rise and fall 
of a float riding the surface of the 
liquid at the suction supply to the 
pump. A rise in the level causes the 
mechanism to feed greater excitation 
to the magnetic drive, and this raises 
the speed, and in turn the pump out- 
put. Conversely, a fall in level causes 
the exact opposite effects. 

There are several types of control, 
but this discussion will be limited to 
the two common types of recycling 
design and the non-recycling design. 


Non-Recycling Control 


After the sewage level has reached 
a predetermined elevation in the wet 
well and pump speed is at a maximum, 
any greater rise causes over-travel in 
the control mechanism without chang- 
ing the excitation supply. Thus the 
pump speed remains at full value. A 
certain amount of over-travel is de- 
sirable for temporary greater flows 
as the suction level rises and decreases 
the net differential pumping head. 
However, for continued increasing 
flow a second unit must be started. 
This is accomplished in the motion 
of over-travel by contacting a switch 
through which a second unit is started 
at full speed, full capacity, and full 
horsepower. The effect of two pumps 
at full speed is to over-pump the suc- 
tion well, whereby the suction well 
recedes. This effectively decreases the 
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FLOAT [left) weighs about 90 Ibs. 
Counter-weight weighs about 45 lbs. 


speed of both units evenly to a value 
where a balanced inflow-outflow con- 
dition is attained. Naturally, a given 
suction level puts the float and mech- 
anism in a definite position, and 
sets the proper speed of the pump. 
This level is directly associated with 
speed regardless of whether one, 
two or more units are in service. The 
level of gradient affecting speed 
therefore repeats as successive units 
are put into service. A minimum grad- 
ient of 4 inches of float travel might 
cause minimum to maximum speed 
for a unit, except during over-travel 
conditions where an additional 6 
inches of level may be allowed to 
start additional units. This additional 
level becomes one foot when two units 
are added, 1.5 feet when three are 
added, etc. Conversely, during reced- 
ing flows to the station, float under- 
travels of 6 inches cuts out units in 
progression. These level rises can be 
held closer if necessary. 

Except for the minor variation of 


-4 inches in float level and the occa- 


sional over and under travel levels, 
the suction level is maintained sub- 
stantially constant throughout the 
range of flow to the station. 

This operation is fully automatic. 
The pumps start automatically at a 
given level, and additional pumps are 
started automatically at given levels. 
Pumps recede in speed, and given 
pumps are taken out of service at 
given levels until finally, if the flow 
becomes low enough, the last pump 
will automatically drop out of service 
to wait until a predetermined level is 


again reached before it will return 
automatically to service. However, it 
is seldom that all pumps will shut 
down because they automatically ad- 
just their pumping capacity. There- 
fore, at sewage lift stations all sand, 
grit and trash are held in suspension 
and pumped out in small quantities 
before settling. 


Recycling Float Control 


There are situations where it is de- 
sirable to continuously raise sewage 
levels in the suction well by a con- 
siderable amount as successive units 
come into service. The non-recycl- 
ing control cannot accomplish this, 
and in order to effect a definite rise 
in the suction level with each added 
pumping unit while using a single op- 
erated float and maintaining the var- 
iable speed feature, the length of the 
chain from the float to the mechan- 
ism should be shortened. Or, the 
mechanism could be rephased or recy- 
cled to accomplish the same purpose. 

Naturally, the most practical way 
is through rephasing or recycling. 
The actuating cam controlling the po- 
sition by which excitation current 
feeds the magnetic drive can be dis- 
placed to a new position from its 
previously set reference float posi- 
tion. Obviously, if rephased or recy- 
cled, so that the start of an additional 
unit reduced pump speed, the dis- 
charge from the pumps is reduced, 
and the inflow, being greater, allows 
the level to rise. However, after re- 
cycling has occurred, the new higher 
level is established, and the mechan- 
ism still functions to balance inflow 
and outflow rates. 


Pump Excitation 


The control with the recycling fea- 
ture functions automatically when set 
and ready for operation. When liquid 
in the wet well reaches a predeter- 
mined level, the number one pump 
starts automatically at its minimum 
speed, minimum capacity and mimi- 
mum horsepower. If the level con- 
tinues to rise, the float control calls 
for more speed and horsepower and 
the pump speeds up, until its output 
equals the inflow. If the level con- 
tinues to rise, and one pump cannot 
handle the flow, this pump is recy- 
cled down to minimum speed, the 
float establishes a new level in the 
well, and a second pump is brought 
in service at minimum speed. The two 
pumps divide the capacity evenly be- 
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REAR VIEW of control showing 
sprocket turned by rise and fall float 
in wet well. 


tween them, both operating at the 


same speed. They both increase their 
speed until they hold the liquid level 
constant. If these two pumps cannot 
handle the flow, additional pumps are 
brought into service in the same way. 

The magnetic drive and float con- 
trolled pumps maintain a nearly con- 
stant liquid level in the wet well. Nat- 
urally, to recycle a pump down, causes 
the speed and capacity to be reduced. 
For example, suppose one pump is 
delivering 30 MGD when it reaches 
its maximum speed and capacity. 
After recycling down and the second 
pump is brought into service, each 
pump would start pumping at the rate 
of 15 MGD each. Likewise, if these 
two could not handle the flow when 
operating at maximum speed and de- 
livering 60 MGD, then after recycling 
down, a third pump would come on 
line and the three pumps would di- 
vide this 60 MGD. Each will start 
delivering about 20 MGD at mini- 
mum speed and minimum horsepower 
and then speed up until they find a 
pumping speed where inflow and out- 
flow were equal. 

It has been theoretically stated that 
the pumps, after recycling down, start 
pumping at minimum speed. This is 
not exactly correct, because during 


the recycling and repositioning of the 
float, the pumps are operating at re- 
duced speed and capacity while the 
inflow has not lessened. So, the level 
in the wet well has actually risen 
some. The float, at its greater eleva- 
tion, calls for more than minimum 
speed and so these pumps start pump- 
ing at a speed slightly above their 
minimum speed, capacity and horse- 
power. 

Also, before recycling and bringing 
additional units into service, the liq- 
uid level is intentionally allowed to 
rise a predetermined amount to make 
sure the flow continues to increase 
to a point where additional pumping 
capacity is required. This eliminates 
bringing additional units into service 
only to take them out of service a 
few minutes later. 


Pump Cut-out 


As the level in the wet well falls, 
the pump speed is reduced. If the 
inflow continues to decrease after the 
pumps in service have reached their 
minimum speed and capacity, they 
temporarily recycle up to maximum 
speed, momentarily over-pumping, 
and while at maximum speed one 
pump automatically drops out of 
service. 

The reason for this procedure is: 
two pumps at minimum speed cannot 
handle as much as three pumps at 
minimum speed. If one pump is taken 
out of service at minimum speed, the 
level in the wet well would rise and 
the pump just taken out of service 
would start up again resulting in a 
surging action, which is undesirable. 

After one pump is taken out of 
service, the remaining units find an 
operating speed where inflow and 
outflow are equal. Should the inflow 
continue to decrease, the same pro- 
cedure outlined for pump excitation 
would be followed, until the wet well 
level dropped to the cut-out elevation 
when the last pump automatically 
drops out of service. However, since 
pumping capacity adjusts to the in- 
flow, it seldom happens that all pumps 
go out of service at any time. It is 
this continuity of pumping service 
that prevents the settling out of any 
grit in the wet well chamber or inter- 
ceptors. 

When the recycling feature is not 
used, all pumps are brought into serv- 
ice at their maximum speed as needed, 
and then they fall back in speed until 
outflow equals inflow. When mini- 
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mum speeds are reached, these pumps 
automatically drop out of service at 
predetermined levels. 


Float Control Installations 


Most of the float control installa- 
tions with the exception of one, were 
designed to control the flows and 
pumping rate from the suction bay. 

The exception is in the City of St. 
Louis, Mo. where the pumps in Sta- 
tion No. 1 discharge through a ver- 
tical siphon that enables the pump to 
work on a low head when the river 
level to which ultimate delivery is 
made is at low stage. As the river 
rises, the siphon effect is reduced, 
and this in turn increases the pump- 
ing head. However, the siphons are 
high enough to prevent any back flow 
in an idle unit when the river is at 
maximum stage. Obviously, greater 
speed is required when the river rises 
than for low river levels. 

At Harrisburg, Pa. the float con- 
trols operate on recycling float con- 
trol except they have an added fea- 
ture. By snapping a small switch, the 
entire operating cycle of the control 
is changed so that if the inflow con- 
tinues to increase beyond the capacity 
of one pump, the first pump con- 
tinues to operate at full speed rather 
than recycle down; the second pump 
comes into service at minimum speed 
and keeps building up speed until in- 
flow and outflow are equal, at which 
time both pumps are operating at the 
same speed. 


FRONT VIEW of control. Vernier scale 
trop) gives accurate readings of wet 
well level. 
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With receding inflow, the last 
pump brought into service automatic- 
ally drops out of service when flow 
reaches a predetermined level. 

The standard design is such that 
the sequence of the pumping units 
can be changed manually in just two 
minutes through the use of transfer 
plugs. This feature permits even op- 
eration and wear on all units. Also, 
if something should happen to a pump 
or motor, another unit can be plugged 
into its position, thus maintaining 
proper elevations in the wet well until 
the inoperative unit is again ready for 
service. The indicator bull eyes auto- 
matically interchange when the pump 
sequence is interchanged. 

The entire Float Control is housed 
in an aluminum cubicle with rigid con- 
duit connections and terminal strips, 
and all switches are fully enclosed 
metal clad mercury switches for safe- 
ty against any possible buildup of ex- 
plosive gases common to sewage 
pumping stations. All float controls 
have high and low water alarm pilot 
circuits wired to the terminal strips, 
ready for connecting to an alarm. 
Such an alarm could warn the opera- 
tor in case of equipment failure or 
other system trouble. 

An entirely new plan and system 
is being employed by the Allegheny 
County Sanitary Authority of Pitts- 
burgh, Pa. where the plant is situated 
on the banks of the Ohio River. The 
total pumping head ranges from 39 
to 106 feet. There are two vertical 
centrifugal pumps with 800 hp ver- 
tical magnetic drives and synchronous 
motors operating at 400 rpm, and 
three vertical two speed centrifugal 
pumps with 1250/450 hp vertical syn- 
chronous motors operating at 400/277 
rpm. Ultimately another two speed 
pump and motor will be installed. 

The wet well is 40 feet in diameter 
and 120 feet deep, where the various 
interceptors from the territory served 
by this Authority flow into it. 

This is a combined storm and sani- 
tary system. The pump room floor is 
at elevation 616.61 feet. The center- 
line of the 42 inch siphon loop dis- 
charge is at elevation 736.75 feet. 

Normal water level in the wet well 
is at elevation 692.0 feet. The wet 
well level for 300 MGD storm flow 
is at elevation 656 feet. The wet well 
level for the weekly draw down for 
cleaning purposes is at elevation 622 
feet. The invert of the main intercep- 
ter is at elevation 618.25 feet. The 
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entire system is designed to maintain 
a good hydraulic gradient, over the 
entire range of elevations. 

During dry weather flow, which 
prevails 90 to 95 per cent of the time, 
the float control will maintain a level 
within plus or minus 6 inches of any 
chosen level. The operator will keep 
the wet well level at the greatest 
heights possible, just sufficient to pre- 
vent overflowing at the farthest re- 
moved storm water diversion struc- 
ture and still maintain a hydraulic 
gradient sufficient to overcome fric- 
tion losses of the maximum sewage 
flow. 

3y doing this, a high head is main- 
tained on the suction of these pumps 
at practically all times considerably 
reducing the total pumping head. The 
wet well is pumped down bi-weekly 
to a free flow level thus inducing 
maximum possible velocities which 
will serve to transport to the wet well, 
grit which may have settled out in 
the intercepting sewer system during 
low flows. 

Eleven telemeter stations located at 
strategic points in the intercepting 
sewer system transmit to a master 
panel board located in the control 
room of the main pumping station, 
the elevation of the hydraulic gradient 
(the level of flow) at the respective 
stations, thus reflecting the condition 
of flow throughout the system. 

Should a rain storm occur in any 
area served by or in the vicinity of a 
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telemeter station, the hydraulic grad- 
ient or level of flow will be immedi- 
ately transmitted to the master panel 
board. The pump operator will then 
proceed to lower the wet well to a 
predetermined depth thus increasing 
the slope of the hydraulic gradient 
and providing the additional head re- 
quired to overcome friction losses 
needed to bring in the increased flow 
due to storm water. After the last of 
the storm flow has reached the pump- 
ing station, the level of the wet well 
is allowed to rise to the normal op- 
erating elevation, thus restoring the 
system, especially the pumping equip- 
ment to maximum operating efficien- 
cy. 

All pumps come into service or 
drop out of service automatically ex- 
cept the high speed motors on the 
two speed units. These are brought 
into or taken out of service manually. 

In most sewage pumping systems, 
the plants start pumping down the 
wet well as soon as the minimum wet 
well level is reached. They do not 
make use of the suction head they 
could create with the proper designed 
wet well which would permit the re- 
duction of total pumping head, thus 
saving thousands of dollars a year in 
power alone. 

This new system of pumping, mak- 
ing full use of available suction head, 
float control, and magnetic driven 
pumps should improve the efficiency 
of any sewage pumping installation. 





DENSITY METER CONTROLS SLUDGE 
PUMPING* 
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NE of the more important duties 

of a sewage treatment plant op- 
erator is to see that only the thickest 
sludge is transferred to the digester. 
This can be done only if pump con- 
trols are sensitive to sludge density. 
The ideal pumping system would be 
one which responds automatically to 
variations in the solids content of the 
sludge. 

The system described here is the 
first one known to the authors wherein 
the density of raw sludge is used to 
control automatically the sludge pump- 
ing schedule. Operation has proved to 
be completely satisfactory and the 
County Sanitation Districts are now 
converting the control of all raw 
sludge pumps to this system. 


Benefits from Pumping Thick Sludge 

As a preliminary to a description of 
the various existing methods of pump 
control, it may be well to review 
briefly the benefits derived from 
pumping thick sludge. The first and 
most obvious is the saving of digester 
capacity. If excessive quantities of 
water are pumped to the digester, the 
detention time is reduced. Under such 
circumstances, sludge is only partially 
digested and the impression may be 
created that the digester capacity 
needs to be increased. Digesters rep- 
resent approximately 25 to 30 per cent 
of plant construction cost, so a saving 
in digester capacity means a consider- 
able saving in over-all construction 
cost. 

Providing ample boiler capacity to 
maintain unvarying temperatures is of 
even greater importance in cold cli- 
mates than in the temperate South- 
west. If the average solids content of 
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sludge pumped to the digesters is on 
the order of 4 per cent and if this 
can be increased to 6 per cent, a sav- 
ing in boiler capacity of 33 per cent 
can be realized. This represents a sav- 
ing not only in first cost but also a 
very significant saving in operating 
cost, even where boilers utilize di- 
gester gas. 

If the raw sludge is carefully con- 
trolled as it leaves the sludge hoppers 
of the sedimentation tanks, it is pos- 
sible to utilize the hoppers for com- 
pression of solids in the sludge. This 
procedure would eliminate both the 
need for sludge thickeners with their 
attendant odor problem and the prob- 
lem of returning supernatant to the 
plant influent. Actually, the main rea- 
son for using sludge thickeners in 
some sewage treatment plants is be- 
cause precise control over sludge den- 
sity has not been obtainable with any 
of the existing systems of sludge pump 
control. 

If the basic objective in processing 
sludge after digestion is the elimina- 
tion of excess water, it seems clear 
that more attention should be given 
to the pumping of thick sludge to the 
digestion system. This is true regard- 
less of the method of dewatering used. 

Through the development of a de- 
pendable and rugged system of sludge 
pumping, the sludge-handling system 
can be completely enclosed, without 
open tanks or observation boxes. This 
means that odor problems can be elim- 
inated. And in the County Sanitation 
Districts this is a major consideration 
because the sewage arrives at the 
treatment plant in a septic condition. 

If the sludge quantity is appreci- 
ably reduced, smaller pumps will serve 
the same number of sedimentation 
tanks, and with smaller power require- 
ments. In addition, if the system is 
dependable enough, it is possible to use 
one pump for several tanks, thus real- 


izing a savings in piping and pumps— 
a saving that would follow right 
through the digestion system. 

Another advantage envisioned is 
the reduction of plant operating per- 
sonnel brought about by the use of 
automatic controls. 


Methods of Sludge Pump Control 
Visual Observation 

In small sewage treatment plants 
probably the most common type of 
density control consists of visually ob- 
serving the sludge as it is drawn to 
an observation well prior to pumping. 
This kind of system requires the op- 
erator to be present during the pump- 
ing process. With this system reason- 
ably good control can be obtained. 
Unfortunately, each sludge withdraw- 
al must be followed by a washing of 
the observation well to minimize the 
accumulation of dry sludge. Also, the 
success of this method is directly re- 
lated to the operator’s estimate of the 
percentage of solids in the raw sludge. 

The use of sight glasses in the 
sludge lines has certainly been of some 
help in density control, but here again 
the operator has to estimate the solids 
content by making a visual observa- 
tion. It has been the authors’ observa- 
tion that where the collection system 
is short and the sewage quite fresh, 
the sight glass is fairly satisfactory ; 
however, in larger treatment plants 
where the sewage arrives in a septic 
condition it is sometimes difficult to 
differentiate between the sludge and 
sewage because both have a black 
opaque appearance. 

In those plants where an excess of 
sludge can be pumped from the sedi- 
mentation tank hopper, the use of a 
sight glass in conjunction with auto- 
matic timing has proved quite satis- 
factory. This situation obtains in three 
of the treatment plants operated by 
the County Sanitation Districts. Here 
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the plants are operated for water re- 
clamation purposes and the raw sludge 
is discharged to an adjacent sewer 
and transported to a large central 
treatment plant for processing. In 
a system such as this it is important 
only that all sludge be removed, thus 
control of the solids content is not 
critical. 

Another system which could be used 
for sludge pump control utilizes con- 
tinuous sampling from the pump lines 
whenever sludge is withdrawn. A slop 
sink is provided through which the 
samples are returned to the sewage 
flow. This system provides good con- 
trol but is costly in terms of operator 
time and it is messy. 


Timing. Method 

In the larger treatment plants the 
use of programmed timers to control 
pumping is common. This system, 
once adjusted, would be perfectly ade- 
quate providing that the sludge pumps 
deliver a constant quantity of flow 
under all head conditions. This cri- 
terion could be met only be using 
positive displacement pumps since the 
inherent characteristics of a centrifu- 
gal pump are such that the discharge 
varies with the head. Here one must 
also balance the advantages and dis- 
advantages of these two general types 
of equipment. Another weakness of 
the time-control method is that there 
is no way to compensate automatically 
for the variable rate of sludge accumu- 
lation which is caused by the incon- 
stant composition of sewage. 


Electric Current Sensing 

In the operation of centrifugal 
pumps, the power requirements nor- 
mally vary with the flow. When thick 
sludge is handled, the friction losses 
are so high that the flow rate is re- 
duced and the power requirements are 
lower than they would be if the pump 
were handling water at the same 
speed. As the sludge thins out, the 
flow rate increases and the power re- 
quirements go up. An attempt was 
made by the District to install current- 
sensitive relays in the pump circuits 
to take advantage of this characteris- 
tic of centrifugal sludge pumps. Un- 
fortunately, the resulting system was 
not dependable because factors other 
than the solids concentration caused 
fluctuations in the current flow. 


Sludge Thickeners 


Still another system of sludge trans- 
fer provides for continuous withdraw- 
al of sludge to a thickener. Here the 
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FIGURE 1.—Components of density metering system. 


removal of thickened sludge from the 
bottom of the thickener tank can be 
carefully controlled and the amount of 
labor for a given quantity of sludge 
can be minimized. This system, how- 
ever, requires a substantial capital in- 
vestment, and unless the thickeners 
are covered or housed, an odor prob- 
lem may result. The return of the 
thickener overflow, although not as 
difficult to handle as the supernatant 
from digesters, can be rather trouble- 
some. 


Radioactive Density Meter 


Initial investigation into the use of 
a radioactive density meter for sludge 
pump control was started by the Dis- 
tricts in July 1949. This led to the 
purchase of the necessary components 
in the latter part of 1958. The meter 
and controls were installed at the 
Districts’ Joint Disposal Plant during 
March 1959. Obviously, the new sys- 
tem has not been in operation long 
enough to develop basic data for in- 
clusion in this report; however, the 
results have been encouraging enough 
to make an early report desirable. 


Description 

The meter has been used to control 
the transfer of sludge from four pri- 
mary sedimentation tanks. The tanks 
have a capacity of 10 mgd each, and 
they are equipped with a common 


cross collector which delivers the 
sludge to a single sump. Thus one 
pump and one density meter ade- 
quately control the pumping of sludge 
from a sewage flow of 40 mgd. The 
sludge pump is of the torque-flow 
type and its relatively trouble-free op- 
eration is important to the success of 
the sludge-handling system. A standby 
pump is provided to relieve any tem- 
porary plugging which might occur. 

The meter (Figure 1) functions as 
follows: A _ radioactive source of 
cesium-137 in a shielded container is 
bolted in the pump discharge piping. 
The gamma rays released from this 
radioisotope are measured on the op- 
posite side of the pipe section by a 
cell containing two electrodes which 
are separated by argon gas. Since the 
penetration of the gamma rays 
through the pipe section is a function 
of the mass of material, the amount 
of radiation penetrating to the meas- 
uring cell varies with the solids con- 
tent of the sludge. The gamma rays 
ionize the argon gas in the measuring 
cell resulting in the generation of an 
electrical current which flows in a 
carefully shielded circuit. The amount 
of current flowing in this circuit is a 
function of the solids concentration of 
the sludge. A zero-calibration of the 
instrument is made by using a shield- 
ed source of radium to generate a bal- 
arfcing current of opposite polarity. 
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When the current flow irom both 
sources is in balance the net result is 
a zero output of current to the ampli- 
fier. The amplifier, as the name im- 
plies, amplifies the small variable cur- 
rent flow and sends the amplified sig- 
nal to a recorder which is calibrated 
directly in per cent solids. In this par- 
ticular installation the solids range is 
from 0 to 10 per cent. 

Calibration 

The initial calibration of the instru- 
ment was accomplished by first placing 
fresh water in the transition section 
to determine the zero reading. The 
fresh water was then replaced with 
salt water having a specific gravity of 
1.0245 which corresponded to raw 
sludge with a solid content of 8.2 per 
cent. The approximate relationship 
between specific gravity and solids 
concentration is shown in Figure 2. 
This plot is a summary of various 
data collected at the Joint Disposal 
Plant. 

Im the event that an accumulation of 
grease develops in the transition sec- 
tion which would affect the calibra- 
tion, the zero-suppression from the 
radium source can be varied by a sim- 
ple adjustment with a screwdriver. 

The installation is designed to limit 
the maximum radiation to less than 
6.25 mr/hr at a distance of 10 in. 
from the source. Actual measurements 
with a survey meter indicate that the 
radiation intensity is only slightly 
greater than half of this amount. The 
allowable radiation intensity limit for 
the legs, arms, head or neck of an 
operator is 1,500 mr/wk and 300 mr/ 
wk for the torso. To receive an ex- 
posure to 300 mr/wk, an operator 
would have to work 48 hr/wk at a 
distance of 10 in. from the source. 
The installation is completely safe in 
this respect and thousands of such 


SOLIDS (%) 
a 


b 


SPECIFIC GRAVITY 
FIGURE 2.—Relationship between specific grav- 


ity and the solids concentration in raw sludge. 


instruments have already been in- 
stalled in various industrial plants 
throughout the country. Licensing by 
the Atomic Energy Commission and 
routine inspection are required to as- 
sure absolute safety. 


Method of Operation 

The operation of the meter and 
controls is as follows: Assuming the 
sludge pump is jin operation and 
pumping a sludge containing more 
than 6 per cent of solids, the pump will 
continue to operate until the solids 
concentration drop to a predetermined 
level. After field testing at various 
values, the low level was set at 5.2 
per cent. When the sludge solids drop 
to this level, mercoid switches on the 
recorder are tripped which result in 
(a) a shutdown of the sludge pump, 
and (b) a startup of Timer 1. Timer 
1 is adjustable over a 60-min range 
and its purpose is to keep the pump 
in the “off” position for a preset in- 
terval regardless of the solids concen- 
tration of the sludge in the pipe sec- 
tion of the meter. When Timer 1 
reaches the end of the “off” cycle it 
(a) starts the sludge pump and (b) 
switches the control of the sludge 


FIGURE 3.—Control chart. Pump stops when solids concentration drops to 5.2 per cent. 


W.&S.W.—REFERENCE NUMBER—1960 


pump to Timer 2 which can be re- 
ferred to as a time-delay instrument. 
This second timer maintains the pump 
in the “on” position regardless of the 
solids concentration in the transition 
section, and it is adjustable over a 
5-min range. The purpose of Timer 
2 is to ensure that a new supply of 
raw sludge has reached the metering 
section and that the control of the 
pump is not being accomplished by 
residual sludge from the previous 
cycle. When Timer 2 reaches the end 
of its cycle, it switches control of 
the pump to the recorder and the pump 
continues to run until the sludge again 
thins down to the preset low level. 


In a system such as this, the pump 
cycle is not fixed, for each sequence 
of operation is actuated only after 
completion of the previous operation. 
If heavy sludges are being handled, the 
pump could run for hours if necessary. 
In actual operation, Timer 1 has been 
adjusted for varying times ranging 
from 15 to 30 min. Timer 2 has been 
set at approximately 1.25 min. The 
delay time was determined by observ- 
ing the movement of the indicator arm 
on the recorder chart. It allows ample 
time for a new supply of sludge to 
reach the transition section. 

When the original installation was 
designed, there was some fear that 
grease would accumulate on the inside 
of the transition section ; however, af- 
ter about four weeks of operation, the 
grease buildup was so minor that ad- 
justment of the compensating cell was 
unnecessary. In the event of grease 
accumulations, steam can be injected 
directly in the pipe since the entire 
installation can withstand fluid tem- 
peratures as high as 400°F. Correla- 
tion of the readings on the recorder 
chart with laboratory analyses shows 
that the meter has been accurate to 
0.5-part cent solids by weight. In 
checking the calibration, it is extreme- 
ly difficult to state whether the sludge 
samples are representative of the 
sludge in the entire cross-section of 
the pipe since the sample necessarily 
must be withdrawn from the periph- 
ery of the 6-in. pipe. 

A detailed program of in-plant 
training was undertaken to inform 
personnel about the nature of the new 
installation. No problems have devel- 
oped because of needless fears. 


Observations on Sludge Behavior 


Operating results indicate that the 
only limitation on the solids concen- 
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DUAL VALVE PNEUMATIC 
SLUDGE PUMPS SEWAGE EJECTORS 


Komline - Sanderson Backed by Komline- Sanderson 
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Pumps are designed to facture and installation of sewage 
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it Ain an ond tle probe. Waterproof casing. Power consumed does 
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tration pumped is imposed by the abil- 
ity of the sludge pump to handle the 
thicker material. By lengthening the 
off-time of the pump more sludge is 
accumulated in the sludge hopper and 
more compression occurs up to some 
maximum yet to be determined. 

Maximum holding time in the hop- 
per may also be limited by possible 
bulking of the sludge, although this 
has not yet occurred. The present set- 
tings of Timer 1 at 20 min and Timer 
2 at 1.25 min have resulted in virtu- 
ally trouble-free operation. The pump 
cycles from 50 to 70 times per day 
as can be noted by reference to the 
control chart in Figure 5. The shaded 
area in Figure 5 represents the por- 
tion of time the pumps are in opera- 
tion. 

The variation in sewage flow was 
compared with the corresponding 
variation in solids concentration and 
an interesting relationship was imme- 
diately apparent. As the sludge varied 
between approximately 6- and 10-per 
cent solids, the sewage flow varied be- 
tween 150 and 250 mgd. Inasmuch as 
no grit removal system is provided at 
the Districts’ Joint Disposal Plant, it 
would seem entirely probable that dur- 
ing peak flow proportionally larger 
quantities of grit are moving to the 
treatment works. During one 24-hour 
period, the volatile solids portion of 
the total solids in the raw sludge 
varied from 78 per cent at minimum 
flow to 70 per cent during maximum 
flow. 

The instrumentation is well de- 
signed and properly damped to avoid 
rapid oscillations. During initial start- 
up, the sedimentation tanks were not 
pumped for extended periods and fre- 
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quently it was possible to watch the 
density meter and observe the effect 
on the chart as each cross-collector 
flight carried a new supply of sludge 
to the sluge hopper. Sludge having 
more than 10 per cent solids were 
handled on numerous occasions during 
the startup period. 


One may note from Figure 5 that 
the solids in the sludge stay at a rather 
high level during the pumping pe- 
riod and the breakthrough, when it 
comes, is abrupt. This characteristic 
would probably vary with the type 
of sludge, the pumping rate, and the 
hopper depth. 


Other Uses of the Density Meter 

If subsequent observation of the 
test installation indicates that the 
stability and accuracy are within tol- 
erable limits, it is entirely possible 
that a magnetic flow meter could be 
placed in series with the density meter 
and the measurements from both in- 
struments integrated to record on a 
common chart the pounds of dry sol- 
ids pumped. 

Two more density meters will be 
installed * at the Districts’ plant. In 
one case the meter will control auto- 
matically the pumps from four hop- 
pers rather than a single hopper. This 
will be done by successively pumping 
from each hopper in the series and 
then cutting the pump off for some 
pre-set period before repeating the 
cycle. In the other case, the density 


*Since this paper was prepared both 
meters have been installed, and the installa- 
tions described later are operating success- 


fully. 


meter will control the sludge trans- 
fer from six hoppers. 

The number of hoppers which can 
be controlled by a single meter is dic- 
tated primarily by the rate of sludge 
accumulation during peak flows and 
the sludge-pumping capacity. In ex- 
isting plants, the layout of sedimenta- 
tion tanks and suction lines would 
govern the location and number of 
density meters required. 

Results to date indicate that a meter 
could be used for the recording of the 
solids concentration in digested 
sludge. In particular, the Sanitation 
Districts sell digested sludge to a fer- 
tilizer manufacturer and more accu- 
rate determination of the pounds of 
dry solids pumped would be desirable. 
Before an installation of this type 
could be designed, it would be neces- 
sary to determine the relationship be- 
tween the solids content and specific 
gravity of digested sludge since it is 
recognized that it will differ from 
the raw-sludge relationship. Also, the 
presence of entrained gas makes this 
application questionable. 

In plants with existing sludge 
thickeners, the meter could be used 
for controlled pumping of the under- 
flow. 


Conclusions 

There has been a great improve- 
ment in raw-sludge pumping since the 
automatic density-control system was 
placed in operation. The maximum 
concentration of solids that can be 
pumped to the digesters appears to be 
governed more by the capabilities of 
the pump than by the sensing and 
switching properties possessed by the 
control system. 





Sewer Maintenance Program 


by AL VOLPE 


Commissioner of Streets and Sewers, Borough of Wilmerding, Pa. 


@ THE PROPER time to begin fore- 
stalling trouble is before a sewer sec- 
tion is laid. Proper installation can 
go a long way toward guaranteeing 
years of trouble free service. One 
often overlooked item is the sewer 
gradient; if inadequate, it will pre- 
vent the flows from reaching a self- 
cleansing velocity. Grades listed in 
Table 1 should be considered mini- 
mum, 

Other sources of potential trouble 
can be eliminated by making sure 
that the bottom quadrant of the pipe 
is fully and uniformly supported. 
Where the floor of the trench is not 
sufficiently stable or firm to prevent 
vertical or lateral movement of the 
pipe after installation, a supplemen- 
tary foundation should be provided. 
The simplest type of foundation is a 
layer of broken stone, sand, cinders, 
or gravel, laid on the floor of the 
trench. Proper support around pipe 
bells is particularly important. Exca- 
vations of the bells should be as small 
as possible. 

Pipe trenches should be of mini- 
mum width because, as the distance 
between pipe wall and trench wall in- 
creases, the load on the pipe increases. 
Thorough tamping of the backfill is 
also crucial, for it prevents lateral 
displacement of the pipe and assures 
uniform load distribution. 

Pipe joints are among the most 
critical points in any sewer system. 
Jointing compounds must remain wa- 
ter-tight even under deflection, must 
resist roots, corrosive wastes and 
gasses. Quality workmanship is im- 
perative. 


Other sources of trouble include 
the following: junction chambers that 
have back-water areas of low velocity ; 
storm water overflows accessible to 
vandals; catch basins of inadequate 
size; pipe laid in industrial and com- 
mercial areas which is unable to re- 
sist the deterioration produced by 
corrosive wastes; manholes spaced 
more than 350 feet apart; and diver- 
sion and regulator devices that are 
complicated in design and difficult to 
reach. 


Sewer Ordinances 


Those in charge of sewer mainte- 
nance activities can reduce their work- 
load considerably by pressing for ord- 
inances with sufficient “teeth” to con- 
trol sewer usage. Such legislation 
should accomplish very definite re- 
sults: it should restrict the location 
of poplar, willow, and other trees that 
can cause root stoppages; it should 
ban connection of down-spouts to san- 





Table | 


Diameter of Fall in ##/100 
Pipe (inches) ft. of sewer 





6 0.65 
8 0.40 
10 0.29 
12 0.22 
15 0.16 
18 0.12 
24 0.10 
28 0.08 
36 0.04 





itary sewers unless the system is de- 
signed to handle stormwater also; it 
should provide for inspection of house 
service lines by competent personnel, 
and describe in detail the kind of in- 
spection needed; it should require 
suitable preliminary treatment facili- 
ties for the greasy, corrosive, or high 
solid wastes. of such commercial and 
industrial establishments as restau- 
rants, auto service stations, dry clean- 
ers, and packing plants; and one 
thing very often ignored, it should 
include stern penalties for vandals 
who damage the sewer system, 
whether out of negligence or pure 
malice. 

Legislation, of course, is a long- 
term maintenance aid at best. The 
biggest single problem facing those 
charged with keeping the sewers op- 
erating efficiently is how to forestall, 
before it becomes serious, trouble 
that may already have started to de- 
velop in an existing system. Basically, 
the answer is a periodic inspection 
program. 

The entire sewer system should be 
inspected at least once a year. Those 
sections that have proven troublesome 
—or are capable of providing trouble- 
some—should be checked more often. 
A sewer laid on a flat grade, for ex- 
ample, will bear careful watching, for 
solids are likely to settle out and 
cause clogging. 

Among the hazards to look for, es- 
pecially in industrial or commercial 
areas, are noxious or flammable gases 
and oxygen deficiencies. A variety of 
detectors and indicators are now 
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available for this work. Inspectors 
should also observe the odor, color, 
pH, and temperature of the flow in 
industrial-commercial areas, for these 
are clues to the presence of improp- 
erly treated wastes. 

Sluggish flows at any manhole 
usually indicate a blockage which 
may be due to roots, fungus, sedi- 
ment, pieces of lumber or other for- 
eign objects, or any of a number of 
other types of obstruction. Flushing 
the sewer with a fire hose is the 
easiest, but also the least effective 
means of removing the trouble. A 
wide variety of hand and engine-pow- 
ered equipment is on the market, 
which is generally much more suc- 
cessful in ridding the sewer of block- 
ages. 


Contract Cleaning 


If, however, as is often the case, 
a sewer system hasn’t been cleaned 
in years, and an excessive number of 
complaints are heard from users, 
calling upon an outside sewer clean- 
ing contractor will probably be the 
quickest, most efficient method of re- 
storing the system to peak operating 
efficiency. 

The contractor’s equipment is gen- 
erally more powerful than anything 
obtainable on the market, and his 
personnel, because they are engaged 
in this work full-time have more spe- 
cialized experience than the typical 
municipal sewer maintenance crew. 
As a result, the contractor can clean 
more sewers per day than the mu- 
nicipality can with its own forces. He 
can get through blockages that other- 
wise could be eliminated only by dig- 
ging up and replacing the pipe. Equip- 
ment depreciation, rod breakage, and 
the possibilities of tile damage be- 
come the responsibility of the con- 
tractor. Another important item to 
consider is the fact that, by using the 
services of a contractor, the regu- 
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Table 2 


Acceptable Limits for 
Infiltration in Sewers 





gal/mile of sewer/ 
24 hrs 


Pipe Size 
6 in. 
8 in, 
10 in. 
12 in. 
15 in. 
18-36 in. 





4,000 
5,000 
6,300 
7,500 
9,500 
15,000 





lar maintenance crew is free to han- 
die service calls and routine duties. 
Because of all these factors, the cost 
of using an outside contractor for an 
over-all sewer cleaning program is 
seldom higher, and many times low- 
er, than doing the job with depart- 
mental forces. 


Infiltration 


Excessive flows in any manhole 
usually indicate an infiltration prob- 
lem which can be caused by any one 
of several things: poor pipe joints, 
defective manholes, diversion of sur- 
face drainage or underground water 
courses into sewers, improperly sealed 
plugs on the ends of laterals or Y- 
branches, discharge of roof and cellar 
drains into the sanitary system. 

Infiltration will occur even with 
the best laid pipe. The maintenance 
department’s problem is to keep it 
from becoming excessive. Table 2 
gives a set of limits that have been 
specified by some designing engi- 
neers, which may help to determine 
when the danger point is reached. 
Infiltration can be measured easily 
with a 90-degree V-notch weir and a 
diaphragm recorder. 

Besides examining the flow, the in- 
spector should also check the physical 
condition of each manhole. Excessive 
amounts of sand, dirt, or grit in the 
invert may mean fissures in the man- 
hole walls and/or openings between 


the manhole bottom and the sewer 
pipe. Manhole rungs should be sound, 
and the cover should seat tightly in 
the frame; loose covers are a fre- 
quent source of infiltration. If roaches 
are present in the manhole in quan- 
tity, it is a good indication that all of 
the sewer pipe in the area are in- 
fested with these pests. Chlordane is 
one of the chemicals which has prov- 
en effective in eliminating the roach 
problem. 

Besides inspecting manholes, all 
storm water overflow and diversion 
devices should be checked. This work 
should be performed at least once 
a month, and also after every large 
rain storm. Catch basins should be 
cleaned at the same time. 

A key item in any sewer system 
preventive maintenance program is 
inspection of all service connections 
prior to back-filling. By making sure 
that the connection between the serv- 
ice pipe and the main is as water 
and root proof as possible, an inspec- 
tor can eliminate a common source of 
infiltration root blockage, and struc- 
tural failure. 


Maps and Records 


Records should be kept of all sewer 
inspections. A master map of the sys- 
tem is essential. This map should 
show all the streets served and all 
pipe sizes. Large scale sectional maps 
are also needed, picturing the exact 
location of manholes, length of sewers, 
their grade and direction of flow. 
In addition, sectional maps should 
show the size, depth, and construction 
material of each sewer, location of 
T’s and Y’s, and the position of other 
utility pipes. 

Some problems peculiar to certain 
areas, or having other sources as 
their cause are bound to arise. But 
careful attention to some of the fac- 
tors discussed here will eliminate 
much aggravation and expense. 
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COMMINUTOR MAINTENANCE* 


General Manager and Chief Engineer, Greater Winni Sanit 


ORMAL domestic sewage con- 

tains rags and coarse solids in 
addition to regular household wastes. 
Discharges from industries and storm 
water, in the case of combined sewers, 
permit additional quantities of coarse 
solids to enter the sewer system. These 
solids cause the clogging of pumps 
and other equipment and interfere 
with the treatment processes. Conse- 
quently, it has been almost universal 
practice to install either manually or 
mechanically raked bar screens close 
to the point where sewage enters the 
treatment plant. The screenings have 
to be disposed of by removal and 
burning or burial, or by grinding and 
returning them to the sewage flow. 
While such installations are practical 
at the treatment plant, they are not 
very suitable for small pumping sta- 
tions where the smaller pumps are 
particularly susceptible to clogging 
and where screens would constitute 
a messy and unsanitary solution. In 
answer to this problem, the comminu- 
tor was developed. 

The comminutor is a machine which 
cuts and shears waterborne solids into 
pieces small enough to pass through 
the slots of a rotating drum. The 
original machine, as developed by the 
Chicago Pump Co., is installed in a 
specially constructed basin with the 
flow passing into the drum and thence 
down through a discharge port. Sev- 
eral years ago, following the expira- 
tion of certain patent rights, two other 
firms developed modifications of the 
comminutor. The Worthington Pump 
Co. makes a similar unit called a com- 
minutor, and Infilco Inc. makes an- 
other variation called the gridutor ; 
both can be placed in the regular chan- 
nel with any special basin. More re- 


* Presented at the 32nd Annual Meet- 
ing, Federation of Sewage and Industrial 
Wastes Assn., Dallas, Tex. Reprinted from 
WPCF Journal, Vol. 32, No. 4, by per- 
mission. 
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cently, the Chicago Pump Co. has de- 
veloped a more radical modification 
called a barminutor which can also 
be installed directly in a flow chan- 
nel. Recently, Infilco has developed 
a new type of machine called a “Ro- 
tagrater.” 


Winnipeg Operating Conditions 


The Greater Winnipeg area is very 
flat and, consequently, a large number 
of low-lift pumping stations had to be 
constructed to intercept the sewage 
from the many trunk sewers. Com- 
minutors were placed in 24 such sta- 
tions constructed in 1937. There are 
now 31 pumping stations with 37 com- 
minutors installed. 

Conditions prevailing in Winnipeg 
are probably as severe as any likely to 
be encountered. First, the trunk sew- 
ers intercepted are all of the com- 
bined type and they were laid on very 
flat grades. Second, the long and 
severe winters require the use of large 
quantities of sand, cinders, and finely 
crushed stone for ice control on the 
streets. Most of this material is later 
flushed to the sewers in the spring 
with the winter accumulation of some 
50 in. of snow. As a result, the amount 
of comminutor maintenance required 
is much heavier than that normally 
required by units used in more tem- 
perate locales. 

There are two conditions in Winni- 
peg which result in a somewhat un- 
usual approach to the maintenance 
program. These are: (a) the cost of 
replacement parts is unusually high 
because of import duties and until 
very recently, a 10-per cent federal 
sales tax, and (b) the city of Winni- 
peg engineering department operates 
a first-class machine shop which eco- 
nomically manufactures hydrants, cor- 
poration and curb cocks, meter gear 
trains, etc. As a result; the district 
has been able to make its own modifi- 


y District, Winnipeg, Manitoba 


cations to the comminutors and manu- 
facture certain spare parts. 


Maintenance 

The comminutor is primarily a me- 
chanical cutting and screening device, 
and, while it is very sturdy in con- 
struction, its cutting action works 
within very close limits. It is a pre- 
cise machine which has to be well 
maintained to function properly. An 
iron casting forms the main frame- 
work for the slotted drum which is 
rotated at about 58 rpm. On the drum, 
small projection or ‘teeth’ protrude 
at different points throughout its 
depth. These teeth are so placed that 
they mesh with a fixed comb on the 
cast iron framework. Also on the 
drum, at intervals, there are shear 
bars which shear and cut the solids 
at the comb. The action is such that 
the flow along the channel in which 
the comminutor is installed brings the 
sewage to the face of the drum and 
the solids are then cut by either the 
teeth or the shear bars as the sewage 
tries to pass through the slotted drum. 
Excesswe Wear and Corrosion 

One of the main problems encoun- 
tered after the initial installation was 
the excessive wear of the combs and 
shear bars which were originally made 
of mild steel and tipped with Stellite, 
a non-ferrous hard metal, to resist 
abrasion. These difficulties were over- 
come by using stainless steel instead 
of mild steel for the combs and shear 
bars. The combs and shear bars, how- 
ever, had to be grooved so that Stellite 
would bond properly. The teeth are 
made of Stellite and are manufactured 
in the city’s machine shop. 


Another early problem was the ex- 
cessive wear on the drum caused by 
heavy grit and, partly, by rusting. 
The greatest wear took place on the 
bottom slots, decreasing progressively 
to the top. In view of this it was de- 





The BARMINUTOR Screening and Comminuting Machines provide 


continuous, complete, automatic comminution . . . at lower operating 
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and maintenance cost than any similar device today. 


The BARMINUTOR was developed to provide greater flexi- 

B. + bility and wide application of comminution . . . developed 
from the original “Chicago” COMMINUTOR,* proven 
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c OM MIN UTING BARMINUTOR Screening and Comminuting Machines eliminate un- 


sightliness, nuisance and odor by continuously and automatically screen- 


MACHINES ing and cutting coarse sewage material without removal from the flow. 
Power requirements are lower than that required for mechanically 
raised screens and grinders. Manual atten- 
tion is needed only for periodic inspection 
and lubrication. 


* Trade-Mark 


THE NEW MODEL ‘‘A-1”? BARMINUTOR® 
.... With Al/ Electric Drive 

e Extra cutting capacity without increase in power 

e Shear bars allow additional cutting for peak loads 


e@ Shear bars eliminate accumulation of rags and sewage 
solids on the screen 


e Ball Bearings Shoes last longer . . . thereby greatly reduc- 
ing maintenance 


e Eliminated hydraulic hoses 
e@ Neat, compact drive motor and panel 


. for use in rectangulor 


25 YEARS — oF 2 Model “C BARMINUTOR . 
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THE NEW MODEL ‘‘C’’ BARMINUTOR™ 


e Counter-weighted to minimize friction . 
increasing life of machine 
e Stainless Steel Screen 
e Ball Bearing Shoes 
e Single Motor Drive . . . lower operating 
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cided to split the 15- and 25-in. drums 
horizontally into two sections. By do- 
ing this, a bottom section showing 
signs of excessive wear could be re- 
placed at about one-half the cost of a 
new drum. After some experimenta- 
tion, it was decided to use the Inter- 
national Nickel Company’s ‘Ni-resist,’ 
a very hard metal, instead of the cast 
steel originally supplied. All drums 
are now made of this material and 
their service !!ic fas been increased 
approximately icur- or five-fold. In 
some instances, top sections have been 
in continuous service for approximate- 
ly 10 years. Records show that at the 
end of of 1958 one 15-in. machine had 
been operating for 722 days; one 10- 
in. machine has been in continuous 
operation for 1,582 days; and most 
of the 25-in. machines are operated 
for from 400 to 500 days before new 
bottom sections are needed. 


Lubrication 

Lubrication is a very important 
part of any maintenance program. 
Service crews check the grease level 
of the comminutors each weekday. It 
is believed, just as in the case of pump 
bearings, that sewage with its en- 
trained grit must be kept away from 
rotating bearings and this can be done 
best by regular checking and frequent 
greasing. A good waterproof, mineral- 
base bearing grease is used. The motor 
and gear reducer are also checked 
periodically and lubricated. A pre- 
ventive maintenance check chart is 
used by the service crews. 


Ragging 

Another problem not entirely solved 
is tagging. The combination of the 
rags in sewage permits them to pass 
through the slots of the drum. Some 
rags, however, wind around the bot- 
tom nut of the comminutor drum or 
some other projection and a rag rope 
is formed which is ultimately dis- 
lodged by sheer weight after a period 
of time. For this reason, the inside 6f 
all the drums are smoothed off and 
the bottom nuts capped. This step re- 
duced the amount of ragging, but it 
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Table | 


Comminutor Maintenance Costs 





Number of Units 
in Operation 
10-in. 15-in. 


25-in. 10-in. 


Number of Units 
Changed 
15-in. 


Cost of Repairing and 
Overhauling Machines 
15-in. 25-in. 


25-in. 10-in. 





5 17 5 2 14 
6 19 5 2 18 
7 19 5 3 20 
7 19 6 3 22 


2 $465 
2 533 
3 432 
2 948 


$3,315 $3,459 
3,642 1,790 
4,762 2,965 
4,638 2,178 





did not eliminate the problem en- 
tirely. 

Frequent cleaning of the comminu- 
tor, the basin, and all parts is another 
deterrent to the formation of rag 
ropes, and it helps to eliminate the 
abrasive action of grit. To make flush- 
ing as easy as possible, hose bibs have 
been installed in all stations. 


Method of Installation 


One other point should be men- 
tioned regarding installation of com- 
minutors with the large machines, a 
fabricated steel ring which fits around 
the base of the machine is used in- 
stead of anchor bolts. This ring per- 
mits a tight fit and is held in place 
only by the concrete projection 
around the cast iron framework of 
the machine. This makes it possible 
to remove a 25-in. machine very rap- 
idly. On the small machines, i.e., 15- 
and 10-in., anchor bolts are used. 


Maintenance Personnel and Costs 


Initially, it was planned that a sin- 
gle three-man crew would take care of 
the District’s 24 automatically oper- 
ated comminutor-pumping stations. 
This was not found practical. The 
District’s 20 miles of intercepting 
sewers, 10 river crossings, 31 commi- 
nutor-pumping stations, and 27 flood- 
water pumping stations are now main- 
tained by a staff of 10 men and a 
supervisor. Two three-man service 
crews are used for the daily visits to 
each station and they carry out routine 
maintenance of all equipment. The 
maintenance and repair crew consist- 
ing of four men has a hoist-equipped 
truck and other tools required to per- 
form major tasks. All trucks are 


equipped with two-way radios. 

As mentioned earlier, all repair 
work on the comminutors, including 
overhauling and rebuilding as well as 
the manufacture of new combs, shear 
bars, drums, and teeth, is carried out 
at the city machine shop. This work 
keeps one regular employee occupied 
for approximately two-thirds of his 
time. The cost of recent work done by 
the machine shop and the number of 
machines changed each year are listed 
in Table I. It is not possible to give the 
portion of the cost changeable to com- 
minutor maintenance alone, but the 
total cost for the maintenance and 
operation of the collection system 
amounted to $103,786 for 1958. 

The District, as it does with all its 
equipment, maintains an adequate 
supply of spare parts. Based on past 
experience, one spare comminutor is 
stocked for every five in service ; also, 
several gear reducers and one or two 
spare motors are stocked, although 
over a 20 year period, motors and 
gear reducers have had to be replaced 
in only one or two instances. During 
the 1950 flood, 15 motors were sub- 
merged before they could be removed. 
Fortunately, one or two days’ baking 
was all that was required to restore 
them to usable condition. 


Conclusion 


The effectiveness of any mainte- 
nance program is measured by two 
factors: (a) the unit cost of mainte- 
nance, and (b) the amount of equip- 
ment downtime. The District feels 
that it has a fair record on both counts, 
bearing in mind the difficult operating 
conditions. 





PERSONNEL, TOOLS, and EQUIPMENT for 
SEWER MAINTENANCE* 


HE first sanitary sewers were con- 

structed in Dallas between 1870 
and 1880, with the sewage being dis- 
charged into the Trinity River un- 
treated. In 1906, the first sewage 
treatment plant was built. At present, 
there are approximately 2,000 miles 
of sanitary sewer mains and 169,000 
house connections in the collection 
system. The sewer mains vary from 4 
to 90 in. in diameter and cover an 
area of over 273 square miles. These 
sewers serve some 690,000 people. 
About 75 per cent of the sewer mains 
are in the 6- and 8-in. pipe size group 
and these are the sewers which re- 
quire the most maintenance. About 
50 per cent of them have been built 
in the past 20 years which is quite 
an advantage as far as sewer mainte- 
nance is concerned. In Dallas, all the 
sewer mains and all building connec- 
tions from the main to the property 
line are maintained by the City. The 
sewer system handles only domestic 
sewage and industrial wastes. 


Personnel 


The Sanitary Sewer Maintenance 
Division in Dallas is a part of the 
Water Department and is directly 
under the supervision of the water 
superintendent and the assistant su- 
perintendent. Its duties are to main- 
tain the collection system and install 
sewer laterals for new buildings. 
The division does not handle new 
sewer construction or sewage treat- 
ment; these are handled by separate 
divisions. 

There are approximately 210 peo- 
ple employed in the maintenance divi- 
sion and 10 of these work in the 


* Presented at the 32nd Annual Meet- 
ing, Federation of Sewage and Industrial 
Wastes Assns. Dallas, Tex. Reprinted 
from Journal WPCI’, Vol. 32, No. 4, by 
permission. 


by A. E. HOLCOMB 


Assistant Sanitary Sewer Supervisor, Dallas, Tex. 


office. The others are included in the 
following groups: (a) 4 emergency 
crews; (b) 27 repair and new 
service crews; and (c) 7 sewer- 
cleaning crews. The city is divided 
into four districts with each district 
having its own personnel, buildings, 
and equipment necessary for main- 
tenance work. In each district there 
is a general foreman who is in charge 
of all work except for sewer cleaning 
and emergency work. These two 
phases of the work are under the 
supervision of another general fore- 
man who works the entire city with 
these crews. All of the field work is 
under the supervision of a field super- 
visor who receives his orders directly 
from the sanitary sewer supervisor 
and the assistant supervisor. The Di- 
vision is fortunate in having some of 
the best men in the sewer maintenance 
business as general foremen. These 
men have all come up through the 
ranks and are definitely well qualified 
for the positions they hold. There are 
also some very competent employees 
in the laboring group. 


Tools for Sewer Maintenance 
Pipe Cutters 

The pipe cutters} used will cut cast 
iron soil pipe up to 6 in. in diameter 
and tile and concrete pipe up to 15 in. 
in diameter. The cutter consists of 
two metal handles and a chain which 
is fitted with small metal discs spaced 
at close intervals. One end of the 
chain is connected permanently to one 
handle and the other end hangs loose. 
The chain is wrapped around the pipe 
with the handles spread apart. The 
loose end of the chain is hooked snug 
into a notch in the other handle. This 
lets the two handles spread apart at 
about a 45 deg angle. Pressure is put 


+ Manufactured by the Wheeler Manu- 
facturing Corp. 


on the handles by pushing them to- 
gether and this causes the chain to 
tighten and put uniform pressure on 
each of the discs around the barrel 
of the pipe. The pressure from the 
discs causes the pipe to break uni- 
formly along the chain line. 
Dipping Needles and Pipe Locators 
There are several different types 
and brands of dipping needles and pipe 
locators which can be purchased at 
reasonable cost. It has been found that 
much time and labor can be saved 
with these two instruments. The dip- 
ping needles are magnetized to pick 
up cast iron and steel and are very 
helpful in locating lost manholes and 
cleanouts covered with dirt or pave- 
ment. In using the pipe locators, a 
steel cable is pushed into the sewer 
that needs to be located and then the 
locator is connected to the cable. The 
cable, then, can be traced as easily as 
any underground metal line. 


Safety Equipment 
Gas Masks 

The gas masks used are Chemox 
oxygen-breathing apparatuses.* The 
mask is equipped with a canister 
which supplies oxygen to the wearer. 
As the wearer breathes into the can- 
ister the moisture from the exhaled 
breath causes a chemical reaction 
which releases oxygen and removes 
carbon dioxide. On canister will last 
45 min when the wearer does hard 
work. The mask is equipped with a 
speaking diaphragm and an automatic 
timing device which rings a bell at 
the end of a preset interval. When the 
bell rings the wearer knows that he 
should return to fresh air. The entire 
unit weighs only 1334. lb and is very 
compact. Two of these units are 
owned by the Division, and the men 


* Manufactured by Mine Safety Appli- 
ance Co. 
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A WHEELER PIPE CUTTER 
CAUGHT IN THE ACT! 
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The Wheeler Heavy-Duty Hydraulic Model Pipe Cutter “Squeezes and Pops” a length of class 


150 AWWA Water Main 16” in diameter. Extremely simple to operate . . . All you do is 


wrap the chain around the pipe, engage it in the cutter’s upper jaws and operate the pump. Cuts 
cleanly in less than two minutes. 


— CAPACITIES— 


@ Class 150 AWWA Water Main 4" thru 18" @ Class 250 AWWA Water Main 4" thru 12” 


te snag Lined Cast Iron Water Main 4" e Standard or Extra Heavy Soil Pipe 4" thru 15" 


@ Terra Cotta or Tile Pipe 6" thru 36" @ Asbestos Cement Pressure Pipe 4" thru 12” 


Sizes over 12" require optional extra chain 


FOR LIGHTER PIPE CUTTING JOBS 


You can choose between the famous Wheeler Manual Cutter and the new 
Wheeler Jr. Hydraulic. 


The Manual Cutter (top left) will cut 
| @ 2" thru 6" Std. or XH Soil Pipe @ 4” thru 15" Tile 
® 2" thre 8" Corrosion Resistant Pipe @ 4" thru 8" Asbestos Cement Pipe 
Optional extra chain needed for larger sizes 


The Jr. Hydraulic Cutter (bottom left) will cut all pipe in the Manual Cutter’s 
range plus std. or XH soil pipe through 8” and C. I. water main 2” thru 3”— 
Cutter has convenient separate pump. Optional extra chain for sizes over 8”. 


THE WHEELER PIPE OR HEX WRENCH 


This wrench features a sliding lower jaw designed to automatically tighten its grip 
as more force is applied. Wrench won't slip, yet instantly releases on the backstroke. 
The lower jaw takes up the slight variation of adjustment resulting from rough han- 
dling, and this jaw in its extended position gives increased leverage and a positive 
gtip on irregular shapes. Can be used with sliding jaw or as a conventional pipe 
wrench with spring clip holding jaw in place. 


THE WHEELER MANUFACTURING CORPORATION 


P. ©. Box 688 ASHTABULA, OHIO 
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usually work in pairs wherever masks 
are needed. 


Safety Harness 


The harness used in Dallas is 
nothing more than the harness used 
on parachutes. It is a very stout, 
light-weight harness with straps 
across the back and chest and two 
straps between the legs. There is also 
a V-type strap that snaps to each 
side of the harness in front. A tow 
rope can be snapped to this strap 
at the top which has a metal ring for 
that purpose. The harness is con- 
nected together with snaps which 
make it easy to put on and take off. 
The wearer’s body will stay in an 
upright position when raised or low- 
ered. The harness also provides a con- 
venient way to either lower or raise 
the wearer in or out of a manhole or 
lift station. 


Manhole Blowers 

The Division owns several manhole 
blowers and they are used frequently 
in sewer cleaning work. It has been 
found that a man can enter more man- 
holes without danger if a blower is 
used. Gas masks are normally used 
when entering large trunk sewers. 


Two-way Radios 


The two-way radio is one of the 
most important aids to the mainte- 
nance organization. Four emergency 
trucks and seven passenger cars are 
equipped with them. The Division also 
has a central dispatcher who receives 


all complaints and in turn relays them 
to the proper personnel in the field. 
The radio-equipped passenger cars 
are used by the general foremen and 
other key personnel. 


Sewer Maps 


The value of sewer maps to a main- 
tenance program is incalculable. In 
the old days, the sewer maintenance 
man remembered where all the sewer 
mains and manholes were located. He 
often knew where to. find the sewer 
trouble in many sewer mains from 
past experience. However, today cities 
are too large to depend on such a vul- 
nerable, transitory system. 


The maps used in Dallas are drawn 
to a scale of 1 in. equals 400 ft, and 
they show the size of the pipe, direc- 
tion of flow, and existing manholes 
and cleanouts. There is a key number 
on each main which refers to an as- 
built drawing which is stored in the 
engineering department. This plan 
shows all the details of the main such 
as date of construction, kind of pipe, 
kind of embedment, location ties, and 
profile. The as-built plan, however, is 
not used very often by the mainte- 
nance force because the 400-ft scale 
map usually serves their needs. The 
emergency crews, cleaning crews, and 
key personnel carry a full set of these 
small-scale maps with them at all 
times. They are used also by the en- 
gineering department as an aid to 
permit clerks and other personnel 
dealing with builders, developers, and 
the public in general. 
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Sewer Maintenance Equipment 

In Dallas, all city-owned automo- 
biles, trucks, and other equipment, 
with the exception of sewer-cleaning 
equipment, are maintained by the 
municipal garage which is a separate 
city division. The equipment is leased 
to the Sewer Maintenance Division 
on a mileage basis for automobiles and 
trucks and on an hourly basis for 
other equipment. Almost any kind of 
equipment can be supplied by the ga- 
rage. All divisions are assigned cer- 
tain pieces of equipment which are 
used by that division only. This as- 
sures each division that its equipment 
will be available when needed. Auto- 
mobiles, trucks, back-hoes, ditching 
machines, drag-lines, air compressors, 
concrete mixers, and various other 
equipment are available at the garage. 
Sewer Cleaning Equipment 

Sewer cleaning in Dallas started in 
1950. At that time, one sewer rodding 
machine and one set of bucket ma- 
chines were purchased. This equip- 
ment was used to clean only sewers 
which were giving real trouble! no 
thought was given to a routine clean- 
ing program. In 1953, the sewer- 
cleaning organization expanded and 
it continues to expand. Now, the Di- 
vision owns two large rodding ma- 
chines, five sets of bucket machines, 
and several small 2-hp rodding ma- 
chines. Each year about 300 miles 
of sewers are cleaned. At present an 
attempt is being made to set up a 
long-range, routine cleaning schedule 
which will some day cover the entire 
sewer system. 
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ELECTRICAL MAINTENANCE in SEWAGE 
TREATMENT PLANTS* 


lectrical maintenance and safety 

in any plant depend on three 
main factors: (a) the design and in- 
stallation of equipment, (b) the train- 
ing of operating personnel, and (c) 
the quality of the maintenance pro- 
gram. 


Design 

To insure safe operation and mini- 
mum maintenance costs, the following 
design considerations are of prime im- 
portance: 

1. The choice of the type and volt- 
age of the system must be based on a 
sound evaluation of initial loads with 
adequate provision for future expan- 
sion ; 

2. Careful selection of equipment 
and wiring components ; 

3. Proper grouping of equipment 
on feeder circuits and load centers 
with respect to normal sequence of 
operation ; 

4. Adequate grounding of system 
and equipment ; 

5. Location and protection of con- 
trol equipment ; 

6. Provision for emergency power 
for preferred circuits ; and 

7. Suitable alarm and signal cir- 
cuits. 


Distribution System 

To select the proper type and volt- 
age for the distribution system, the 
designer must have complete informa- 
tion as to the total connected loads, 
maximum horsepower of individual 
motors, sequence of operation, and the 
degree of reliability required for the 
plant. The degree of system-reliabil- 
ity depends directly on the economics 
of the situation: how much can the 
client afford to pay for reliability? 
There are no set rules of thumb to 
covcr this point. Each plant must be 
considered on its own merits. Neither 
are there any reliable rules of thumb 
for estimating in advance the approxi- 


*Presented at the 31st Annual Confer- 
ence, California Sewage and _ Industrial 
Wastes Assn.; Long Beach, Calif. Reprint- 
ed from WPCF Journal, Vol. 32, No. 1, 
by permission. 
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mate horsepower required for a par- 
ticular plant. Similar plants will vary 
immensely in power requirements, 
depending upon topographic location 
and the amount of pumping required. 

Generally speaking, small and me- 
dium-sized plants which are not 
spread over too wide an area can 
readily be supplied from a single sub- 
station at 440 v. The largest motor 
which would normally be operated on 
a 440-v system is 150 hp. Larger 
plants spread over a wider area and 
employing larger motors should go to 
a higher distribution voltage—2,400 
or 4,160 v, with motors above 150 hp 
operating directly on distribution volt- 
age, and smaller motors operating at 
440 v through step-down unit sub- 
station or power centers. 

As to reliability, this brings up the 
question of whether to use a simple 
radial distribution system, or a split 
system with more than one primary 
feeder and tie circuit breakers. There 
are several variations which might be 
used, depending on the degree of 
system reliability required and the 
amount of money available. 


Equipment Selection 


The question of reliability also en- 
ters into the selection of equipment: 

1. In selecting substation and pow- 
er center equipment, the first consid- 
eration is the protection to be used. 
Fuses are simple and offer the lowest 
cost protection, but they are harder 
to coordinate and require longer out- 
age periods in case of trouble. Circuit- 
breaker protection is always prefer- 
able if it can be obtained. Coordinated 
relaying of circuit breakers will result 
in greater reliability. 

2. Consideration must be given to 
future plant expansion. Thought 
should be given to the possibility of 
adding future power centers; adding 
future feeder circuits from power cen- 
ters to additional distribution panels ; 
and adding additional branch circuits 
from distribution panels to individual 
loads. In other words, the system 
should be left open for expansion at 


many points. No single part of the 
system should be loaded to capacity 
initially except perhaps branch cir- 
cuits to individual loads which are 
fixed. Neglect of this principle at the 
beginning will lead to overloading of 
circuits and unsafe operation at later 
dates. 

3. The selection of motors for sew- 
age treatment plants is extremely im- 
portant. The location and application 
of each motor should be considered 
carefully. Explosion-proof motors 
should be used wherever the possibil- 
ity of a concentration of explosive 
vapors might occur. 

Totally enclosed motors or drip- 
proof, splash-proof motors should be 
used wherever they are to be subjected 
to the weather or hosing. Open-type 
motors should be used only in clean, 
dry locations. 

Ball bearings generally have proved 
to be better for high-speed motors 
which are not subjected to shock 
loads ; sleeve bearings are suitable for 
slow-speed motors or high shock 
loads. 

The majority of motors for sewage 
treatment plant applications will be 
squirrel-cage induction motors, but 
synchronous motors can be used to 
good advantage for power factor cor- 
rection on compressors, pumps, or 
similar applications requiring large 
motors. They must, however, be used 
only in clean, dry locations. 

4. The best motor will not operate 
properly unless proper control equip- 
ment is provided. This equipment 
must not only provide proper starting 
and stopping control for the motor, 
Lut it must provide adequate overload 
and under-voltage protection. Eco- 
nomics will dictate the amount of pro- 
tection which must be provided, de- 
pendirg on the value of the motor and 
the importance of continuous, trouble- 
free operation. 


Equipment Grouping 
Motor branch circuits should be 


grouped on load centers with respect 
to normal sequence of operation, thus 





Superior Products From 


Fine Organics 


FOAMW I L CONTROL FOAM IN YOUR SEWAGE 
AERATOR WITH FINE ORGANICS’ FOAMWILT 

Here is the efficient solution to foam problems — FOAM- 

WILT — Fine Organics’ low cost, easy-to-use product that not 


only kills off foam, but inhibits its formation. Fine Organics’ 
FOAMWILT possesses these outstanding properties: 


- Excellent spreading ability. 


- Good “knockdown” of foam at ambient temperatures and un- 
affected by seasonal changes. 


3. Rapid travel of defoamant. 


. Uniformity, stability, and small change in viscosity at temperatures 
from 0° to +-100° F., allowing outside storage at all temperatures 
(no clogging of valves and pipes, no separation). 


. Pour point minus 25. 


Fine Organics’ FOAMWILT is economical to use, too. . ie 

eliminates the need for expensive equipment or special training. 
Sentinal’ Feed 0.5 to | p. p. m. of FOAMWILT and watch the excellent foam 
with Foomwilt control in your sewage aerator. 


CIFON FINE ORGANICS’ CIFON CHECKS ODORS IN: 


- Garbage disposal dumps and sanitary land fill. 
POSITIVELY CONTROLS ODORS IN fo ieee ecpmec ie cciscal Sepone! plont 
SANITATION; IN SEWAGE DISPOSAL | co. ws 


- General sanitation—washing of barges, trucks 
and garbage cans. 


PLANTS; IN THE RAW SLUDGE STOR- Pretest of ge ihrer sy 
prevents their breeding in marshy land; requires 


AGE TANK; FOR GRIT DISPOSAL; | © * rc"! ssivnest &* Nene 


Fine mt om CIFON contain no caustic, carbolic 


acid or free chlorine—in fact, some plants tnttoste 
SAND FILTER BEDS; AND EFFLUENT, | Sfx Sze” cto sai tr sim 
information about how Fine Organics’ SION 
can help you. 
WRITE TODAY FOR MORE INFORMATION ON SATISFIED USERS 
AND ECONOMICAL APPLICATION METHODS 
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rendering control and trouble-shoot- 
ing much simpler. 


Grounding 

Proper grounding of the system and 
all operating equipment is one of the 
most important safety requirements of 
a plant. This is a relatively inexpen- 
sive item if designed initially into the 
system, but is quite expensive to pro- 
vide after a system has been installed 
improperly. 


Location and Protection of Equipment 

The location and physical protec- 
tion of control equipment is a vital 
factor both for safety of personnel and 
for proper maintenance. As far as 
possible, control equipment should be 
located in clean, dry places, protected 
from explosive gases. It is possible to 
locate the motor starters in such pro- 
tected areas, and have only the master 
push buttons or other master control 
devices located in less desirable areas. 
These devices are smaller and easier 
to protect. 


Emergency Power 

All equipment which must be kept 
in continuous operation at all times 
should be grouped on preferred cir- 
cuits with some provision made for an 
emergency source of power in case of 
failure of the normal power supply. 


Alarm and Signal Circuits 

A suitable alarm and signal system 
should be provided for normal super- 
vision of operation and for quick in- 
telligence in case of trouble. A prop- 
erly installed alarm system will cut 
down stoppages and reduce the outage 
time when trouble does occur. 


Installation and Testing 

The very best design can be ruined 
by poor installation. Selection of the 
proper types of conduit, wire, and 
wiring devices for each application 
will save serious maintenance trouble 
later. Coated conduit for resistance 
to corrosion is now available at little 
or no premium. Explosion-proof or 
vapor-proof wiring devices should be 
used freely, even where not specifi- 
cally required by codes. They pay off 
in lower maintenance costs. Moisture- 
and heat-resisting insulation should 
be used throughout, since the wire 
must last for the life of the plant. 
The labor element in wiring costs is 
such that it pays to use the best mate- 
rials available. 

Extreme care in handling equip- 
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ment, pulling conductors, making 
splices and joints, and the proper 
mounting of wiring devices, are all 
factors which will result in lower 
maintenance costs. Close supervi- 
sion and inspection of wiring details 
is absolutely necessary, since much of 
this work is not visible after installa- 
tion. A large contributor to high 
maintenance costs is careless work- 
manship, a byproduct of lax inspec- 
tion. 

The final opportunity of the engi- 
neer to protect his design is to see 
that all equipment, wiring, and de- 
vices are given a thorough test before 
being placed in service. He should 
make checks for circuit continuity, 
grounds tests for all feeders and 
branch circuits, and resistance tests 
of all system and equipment grounds. 
Each individual piece of equipment 
should be started under careful obser- 
vation and checked to be sure that the 
motors are not overloaded. 


Maintenance 
Education of Operating and Mainte- 
nance Personnel 
Operating personnel should be thor- 
oughly indoctrinated in the proper 
procedure for normal starting, stop- 


ping, and control sequence of all elec- 
trical equipment. They should also be 
instructed as to methods of cleaning 
external surfaces of motors and en- 
closed electrical equipment and sur- 
rounding areas. They should be ad- 
vised as to which motors and enclosed 
control devices will withstand hosing, 
and which pieces of equipment should 
be kept dry. A careful indoctrination 
of all operating personnel in the rules 
of electrical safety is also important. 

The cooperation of operating per- 
sonnel in calling the attention of the 
maintenance personnel to any unusual 
condition or noise will also result in 
better maintenance and less loss of 
equipment. 

No mechanical work or remodeling 
should ever be undertaken without 
first requesting the electrical mainte- 
nance crew to protect the electrical 
equipment in the area from dirt and 
accidental contact. 

It hardly needs to be mentioned 
that maintenance personnel should be 
educated in the proper maintenance 
procedures for each class of equip- 
ment, referring as necessary to the 
manufacturer’s detailed instructions 
for specific pieces of equipment. 


Manufacturer's Data 

Each new plant should have a com- 
plete file of manufacturer’s instruction 
sheets, operating instructions, and 
parts catalogs. Maintenance person- 
nel should be thoroughly familiar with 
this file. 


Record Card File 

A card file should be set up con- 
taining the name-plate data for each 
piece of electrical equipment, with 
space on the card for a complete rec- 
ord of all tests, inspections, and re- 
pairs. The initial megger readings, 
taken when the equipment is new and 
dry, should be recorded for compari- 
son with results from future tests. 


Routine Maintenance Schedule 

Depending on the severity of serv- 
ice, a regular maintenance schedule 
should be established as follows: 

1. Cleaning. This is one of the 
most essential items for good mainte- 
nance. Cooperation between operat- 
ing and maintenance personnel in this 
respect will eliminate a high percent- 
age of maintenance troubles. 

2. Inspection. Frequent, routine in- 
spections for cleanliness, unusual 
noises, abnormal heating, or other in- 
dications of trouble should be made 
of all electrical equipment. 

3. Tests. A definite schedule 
should be set up for a thorough test 
and routine maintenance of every 
power and control circuit in the plant. 
Depending on operating conditions, 
each circuit should be checked at in- 
tervals of not more than six months. 
Such a check should incorporate the 
following procedures : 

a. Disconnect each branch motor 
circuit and give the complete circuit 
a megger test for insulation resistance, 
including motor windings and all re- 
lated control circuits. Record all meg- 
ger readings on the equipment record 
cards and compare with previous 
readings. 

b. Check each motor, especially in- 
duction motors, for: worn bearings, 
moisture, overloading, single-phase 
operation, and poor insulation. 

Dust and dirt are usually contrib- 
uting factors to poor performance or 
complete failure. Some forms of dust 
are highly conductive and contribute 
materially to insulation breakdown. 
The effect of dust on the motor tem- 
perature through restriction of venti- 
lation is another reason for keeping 
the motor clean. 
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Blackburn-Smith Ejectors 
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They are more sanitary, cleaner and less messy. 
No complicated piping. 

No place for collection of solids within pots. 
Minimum maintenance. Dependable operation. 
Installed in New York City Subways System. 
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Moisture is one of the most subtle 
enemies of motor insulation. Around 
sewage treatment plants and pumping 
stations, moisture is the prime enemy. 
Constant vigilance must be maintained 
toward keeping the insulation dry. 

The life of a winding depends on 
keeping it in its original (or new) 
condition as long as possible. In a 
new machine, the winding is snug in 
the slots and the insulation is fresh 
and flexible ; being newly treated with 
varnish, it is resistant to the deterio- 
rating effects of moisture and foreign 
matter. This condition is best main- 
tained by periodic cleaning, followed 
by varnish and oven treatments. 

One condition which frequently 
hastens winding failure is movement 
of the coils caused by operating vibra- 
tions. After insulation dries out, it 
loses its flexibility and the mechani- 
cal stresses caused by starting, as well 
as the natural stresses of operation 
under load, will precipitate short cir- 
cuits in the coils and possibly failures 
from coils to ground, this usually at 
the point where the coil leaves the 
slot. Periodic varnish and oven treat- 
ments properly carried out so as to 
fill all the air spaces caused by drying 
and shrinkage of the insulation, there- 
by maintaining a solid winding, will 
also provide an effective seal against 
moisture. 

The preceding comments apply to 
stators and wound rotors. Squirrel- 
cage rotors are more rugged and in 
general require less maintenance than 
wound rotors, but they may give 
trouble because of open circuits or 
high-resistance points between the end 
rings and rotor bars. The symptoms 
of such conditions are in general the 
same as with wound-rotor motors— 
slowing down under load and reduced 
starting torque. Such conditions can 
usually be detected by looking for 
evidence of heating at the end-ring 
connections, particularly when the 
motor is stopped after operating un- 
der load. 

Any fractures in the rotor bars will 
usually be found either at the point 
of connection to the end ring or at the 
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point where the bar leaves lamina- 
tions. Discolored rotor bars are also 
evidence of excessive heating. Routine 
motor checks, therefore, should con- 
sist of a careful visual inspection for 
loose coils, insulation cracks in end 
connections, dust and dirt in venti- 
lating passages, plus the following 
tests : 

(1) Megger test for insulation re- 
sistance (compare with read- 
ing of new winding). 

(2) Feeler-gauge test of air gap 
for indication of worn bear- 
ings. Four measurements 
should be taken 90 deg apart 
and compared with previous 
readings. If feeler-gauge check 
indicates a worn bearing, it 
should be replaced immedi- 
ately. 

(3) Bearing should be disassem- 
bled and inspected periodically 
and lubricated in accordance 
with manufacturer’s instruc- 
tions. (The manufacturer’s in- 
structions — depending upon 
the type of bearings—will in- 
dicate the desired frequency of 
such periodic checks). On 
observing any indication of 
overheating of a motor, the 
load should be checked imme- 
diately. 

c. Check all motor starters and 
other control devices for grounds, in- 
sulation resistance, loose or dirty mag- 
netic circuits, burned or dirty con- 
tacts, and any other unusual condi- 
tion. Note that the design of magnetic 
circuits and contacts varies with dif- 
ferent manufacturers, and may re- 
quire different maintenance proce- 
dures. All magnetic contact surfaces 
must be kept smooth and clean, and 
shading coils should be checked. Some 
electrical contacts should be cleaned 
and dressed, while others should be 
left alone unless burned down enough 
to require replacement. Whenever 
contacts have been burned and require 
replacement, it is usually best to re- 


place the contact springs too, since - 


the contact heat has probably weak- 
ened the springs. Magnetic circuits 


should be checked for firm, smooth 
closure. Poor closure of the magnetic 
circuit will cause magnetic hum and 
contact chattering, and eventually will 
cause the operating coil to fall. Check 
all terminals and connections for tight- 
ness, giving special attention to the 
terminals of the thermal-overload re- 
lays. Poor connections on the heater 
elements will cause excess heat and 
change the calibration of the relays. 

d. Emergency circuits which are 
connected by automatic transfer 
switches may operate only at rare in- 
tervals. It is important, therefore, to 
test them at frequent intervals by 
actually tripping out the normal serv- 
ice to insure that the emergency trans- 
fer system actually works. If such a 
test is not practical, then a simulated 
test may be worked out to make cer- 
tain that the system will be operative 
when an emergency occurs. 

e. Since alarm circuits only func- 
tion when some unusual condition ex - 
ists, it is important to make frequent 
tests of these circuits. Such tests can 
usually be made without interrupting 
normal operations. 

f. Normally it is not possible to 
take any of the main power equipment 
out of service for testing. This can 
usually be done only when arrange- 
ments have been made for a major 
shutdown for other reasons. It is 
quite important, therefore, to keep 
this equipment clean, inspect it fre- 
quently, and make sure that proper 
protection is provided against abnor- 
mal conditions such as overloads, sys- 
tem faults, and voltage surges. Oil- 
filled transformers and circuit break- 
ers should be checked by testing oil 
samples annually if possible. 


Conclusion 

Since modern design leans toward 
more and more use of automatic con- 
trol systems, a _ preventive-mainte- 
nance schedule must be adopted to 
ensure trouble-free operation. With a 
properly designed plant and a thor- 
ough maintenance program, there is 
no excuse for either accidents or 
burned-out equipment. 








CHLORINATORS and 
CHEMICAL FEEDERS 











After many years of acceptance as the best method of 
water purification, chlorination is today also recognized 
as the most efficient way to disinfect sewage. 


W&T Series A-721 V-notch Chlorinator 


ODOR CONTROL 


The control of obnoxious odors from sewage treat- 
ment works, long outfall sewers and other disposal 
plant appurtenances is distinctly a field for chlorination. 
Neutralization of hydrogen sulfide (the gas responsible 
for these obnoxious odors), or prevention of its forma- 
tion by controlled application of chlorine. is not only 
quite practicable but also results in economy of opera- 
tion due to reduction of deterioration in interceptors 
and allied appurtenances. 


B.O.D. REDUCTION 


Treatment plants discharging effluents into water 
courses having extreme seasonal variation in flow have 
profited from controlled chlorination to reduce bio- 
chemical oxygen demand. Field tests have often shown 
a reduction in the five day B.O.D. of up to 30 per cent. 


OTHER ADVANTAGES 


Similarty, chlorine prevents filter “ponding.” It is 
also widely used to prevent sludge “bulking.” Where 
grease is a problem, chlorine will aid in its removal and 
minimize its accumulation in small pipes and spray 
heads. When added to return supernatant liquor from 
digesters, chlorine tends to counteract the impact of 
highly putrefactive liquids from fresh sewage. The 
thickening of sludge may be greatly benefited by the 
maintenance of a “chlorine blanket” in the supernatant 
above the sludge. Chlorine is also useful in the prepa- 
ration of coagulants such as “chlorinated copperas.” 
Difficult trade wastes, such as those containing cyan- 
ides, can be effectively purified by designing means for 
the application of chlorine into the process. 


W&T SEWAGE TREATMENT EQUIPMENT 


To meet the varied demands of sewage treatment, 
W&T manufactures chlorinators having up to 8000 
Ibs. capacity per day. The V-notch variable orifice 
gives accurate feed rate control. And each model is 
adaptable for manual, semi-automatic, or automatic op- 
eration. Chlorinators may be linked with W&T Chlor- 
ine Flow Recorders, and Residual Recorders and Con- 
trollers, to automate an entire treatment plant. 

Other W&T equipment serves every phase of sewage 
treatment. Glass tube purge meters (rotameters) are 
used for metering small quantities of liquids and gases 
in purge services and for liquid level control. 

Gravimetric and volumetric feeders accurately meas- 
ure all dry, free-flowing solids, at feed rates from 
ounces per hour to tons per minute. 

A new line of W&T Heavy Duty Metering Pumps 
provides a range from 0.65 to 1350 gal./hr. against dis- 
charge pressures up to 4000 psi. These pumps feature 
repeatable accuracy within + 1%, and safely pump 
all liquids used in sewage treatment. 

For details of any of these W&T precision products, 
write Dept. 60.94-A. 


WALLACE & TIERNAN INCORPORATED 





25S MAIN STREET, BELLEVILLE 9. NEW JERSEY 
Wallace & Tiernan Limited, 925 Warden Avenue, Scarborough, Ontario, Canada. 
Wallace & Tiernan Limited, Power Road, London, WA, England. 
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INDUSTRIAL WASTES 


he problems of industrial wastes 
are many, varied, and extreme. 
According to the United States Pub- 
lic Health Service there are more than 
ten thousand industries which dis- 
charge liquid wastes. An increasing 
number of these treat their wastes at 
least in some degree; but too many 
still discharge untreated wastes. 
With this tremendous waste load 
reaching the rivers, lakes and oceans, 
it is easily understandable that the in- 
dustrial waste problem represents a 
‘ large economic loss ; a loss in salvage- 
able material, in corrosion, in in- 
creased costs of water purification and 
public health measures, and losses in 
property values and recreational areas. 
No one has calculated the extent of 
the economic loss but it has been 
estimated to amount to several billion 
dollars annually. 


Character of Wastes 


Industrial wastes are often classi- 
fied according to type of industry. 
The general classifications include: 
the food industries, such as beet sugar, 
cane sugar, canning, corn, dairy, dis- 
tilling and fermentation, frozen foods, 
meat, potato chips, poultry and eggs; 
the mineral products industries, in- 
cluding coal, coke, gas, iron and steel, 
mining, nonferrous metals, petroleum, 
sand, and gravel; the chemical pro- 
cessing industries, such as chemical 
manufacturing, electroplating, paint, 
pulp and paper, soap and glycerine, 
tanning, textiles; and a general group 
of industries including atomic power, 
automotive, electric, lumber, power, 
and railroads. 

From the considerations of treat- 
ment, industrial wastes are often clas- 
sified as inorganic, organic, and 
mixed. In general, inorganic wastes 
require treatment involving chemical 
and mechanical (physical) processes ; 
organic wastes require treatment by 


*Dr. Gurnham is Consulting Editor of 
Water & Sewage Works, and Editor of 
Industrial Water & Wastes. 
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biological processes and possibly also 
chemical and mechanical processes. 
Mixed wastes will require treatment 
involving physical separations, chem- 
ical treatment and biological treat- 
ment, 


Treatment Processes 

One of the most effective “waste 
treatment processes” is by material 
recovery. Although this method of 
treatment may not show a profit, sale 
of the byproduct may reduce the cost 
of over-all treatment. Other opera- 


tions within the producing plant may - 


also reduce the quantity of waste leav- 
ing the plant without unduly increas- 
ing the costs of production. Such op- 
erations include change of processes, 
separation of cooling water, recycling 
of wastes, and evaporation of highly 
concentrated wastes. Where these op- 
erations will not reduce the waste load 
sufficiently to make it acceptable to a 
municipal sewer system or to a re- 
ceiving body of water, then some form 
of treatment will be necessary. 

The extent of treatment and the 
processes involved depends on volume 
and concentration of waste, its toxic 
content and the dilution available in 
the receiving water. For each plant, 
the solution selected should produce 
the desired result at the lowest pos- 
sible net cost. 

Among the unit treatment proc- 
esses which may be applied to wastes 
are those listed immediately below, 
although not every one of these proc- 
esses is applicable to every type of 
waste : 

Physical or Mechanical Treatment 

Screening 

Sedimentation 

Filtration 

Centrifuging 

Flotation 

Dewatering and drying 
Chemical Treatment 

Neutralization 

Chlorination 

Aeration 

Ozonation 

Coagulation 


Precipitation 

Ion Exchange 
Biological Treatment 

Activated sludge 

Trickling Filtration 

Oxidation ponds 

Digestion and fermentation 
Ultimate Disposal 

Incineration 

Spray irrigation 

Lagooning 


Industrial Waste Surveys 


Where industrial wastes are dis- 
charged directly to streams and abate- 
ment of pollution is desirable, a sur- 
very of the problem is the first step. 
Governmental bureaus are usually in- 
terested in such surveys and may par- 
ticipate. Within a community the sur- 
vey may be performed by municipal 
engineering services or consulting en- 
gineers. In any industrial waste sur- 
vey, no matter by whom conducted, 
the purpose should not be to perse- 
cute industry but to establish the ex- 
tent of the problem and the solution. 

The first step in a community in- 
dustrial waste survey is to obtain ade- 
quate publicity to the general public 
and the industries emphasizing that 
the cooperation and aid of industry is 
the paramount consideration. The sec- 
ond step is to list and classify all in- 
dustries within the area surveyed. 
From this classification, industries 
having no liquid wastes except sani- 
tary may be eliminated. Other classes 
should be listed in order of known 
relative strength or importance. The 
third step is to request each industry 
by letter to appear at a conference 
with representatives of the organiza- 
tion making the survey. The fourth 
step is to conduct an actual investiga- 
tion of the sewers and wastes within 
each plant, the plant processes, etc. 
This part of the survey involves not 
only questions of plant management 
but also measurement, sampling and 
analyses of the actual wastes. From 
this information the solution to the 
problem usually can be devised. 





Joint Industry and City Waste Treatment 
Combined Approach as Viewed by Industry* 


by GEORGE P. SCHRADER 


Project Engineer, Design and Construction Department, Union Carbide Chemicals Company 


The Kanawha River Valley 

The City of South Charleston, West 
Virginia, and the South Charleston 
Plant of Union Carbide Chemicals 
Company are located on the Kanawha 
River about 50 miles from the junc- 
tion of the Kanawha with the Ohio 
River. The Kanawha River is formed 
by the junction of the New and Gau- 
ley Rivers at Gauley Bridge and runs 
90 miles generally to the north. Two 
major tributaries are the Elk River 
which enters at Charleston, and the 
Coal River which enters at St. Albans. 

The Kanawha River Valley is nar- 
row and winding throughout its length 
and its industrial and residential de- 
velopment is congested to the south 
and east of Nitro. The level areas 
on one bank of the river usually face 
a sheer cliff or steep hills on the op- 
posite bank. Through the most heav- 
ily industrialized section of the valley 
run the mainline of the Chesapeake 
and Ohio Railroad and a branchline 
of the New York Central. Two high- 
ways also compete for space along the 
waterway. To the north and west of 
Nitro the river bottoms are wider and 
can be made available to industry. 

Visitors entering the valley on U. S. 
Route 60 at night for the first time 
are amazed at the scope of the indus- 
trial operations. From the glare of 
the furnaces at Alloy to the always- 
lighted units of the chemicals plants 
at Nitro, visitors may also see indus- 
tries producing metals, power, glass, 
tools, chemicals, ordnance, machinery, 
and synthetics. 

Manpower for such industries is de- 


*Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial 
Wastes Assns., Dallas, Tex. Reprinted 
from WPCE Journal, Vol. 32, No. 2, by 
permission. 


South Charleston, W. Va. 


rived from the adjacent communities 
as follows: 

Town 
Smithers 
Montgomery 
Cedar Grove 
Belle 
Charleston 
South Charleston 
Dunbor 
St. Albans 10,000 
Nitro 3,300 

Figure 1 reveals that the major por- 


tions of the population and the in- 
dustry contributing to any problem or 
project are located in the upper half 
of the valley. 


Population 
2,200 
3,500 
1,700 
4,000 

90,000- 100,000 
21,000 
8,000 


The Industry Problem 

Union Carbide Chemicals Company 
makes nearly 400 chemicals, for thou- 
sands of uses, from natural gas, salt, 
air, and water. Only two or three 
are prepared directly for retail use. 
The rest are sold to other chemicals 
companies or processors for preparing 
the finished products. The residues 
from the manufacturing processes for 
these chemicals make up Carbide’s 
water-borne pollution abatement prob- 
lem. 

The first question usually asked is, 
“What chemicals compose the indus- 
trial wastes?” The answer must be 
that it is not known, since it is diffi- 
cult to identify organic chemicals in 


_a waste stream. In addition, some of 


the processes are proprietary and the 
Company does not wish to reveal the 
nature of the residues or liquid wastes. 

The problem of this particular 
chemicals industry is probably fa- 
miliar in that it is caused partially 
by an unpredictable growth. Figure 
2 is a map of South Charleston. The 
Chemicals Company in 1923 started its 
South Charleston Works by leasing 
the site of some existing buildings 
(Area A) built during the First 


World War by the Rollins and the 
Klipstein Chemicals Companies. In 
1927 the expansion began with the 
purchase of Blaine Island. Where 
possible, existing facilities were used, 
replaced, or expanded. Cooling water 
was returned to the river after single 
stage use. Occasionally, heat ex- 
changers leaked and contaminated the 
product of the cooling water. It was 
often necessary to clean process equip- 
ment and drain off the wastes. Dur- 
ing this period, no attempt was made 
to segregate clean water from con- 
taminated water. 

As the Federal Government and 
the various state governments became 
interested in the problems of water 
use and pollution, a number of regu- 
latory agencies were created. A very 
prominent one is ORSANCO, or the 
Ohio River Valley Water Sanitation 
Commission, representing Illinois, In- 
diana, Kentucky, New York, Ohio, 
Pennsylvania, Virginia, and West 
Virginia. With the creation of 
ORSANCO, municipalities and in- 
dustries could foresee a time when 
they must expect to cease polluting 
the streams. 

Carbide had a threefold problem: 
(a) to collect and segregate the 
wastes, (b) to determine the flow and 
BOD load, and (c) to determine the 
method of treatment. Carbide’s South 
Charleston installations are physically 
divided into five separate areas by the 
Kanawha River and _ intervening 
plants or residential areas in the city, 
as shown in Figure 2. The Lower 
Mainland includes the previously 
mentioned Area A and is separated 
from the other areas by the back chan- 
nel and the Columbia Southern Chem- 
ical Company plant. Blaine Island, 
Area B, is separated from the rest 


W.&S.W.—REFERENCE NuMBER—1960 





R-370 


of the plant by the river. Area D in 
North Charleston is across the river 
from Blaine Island. The Upper Main- 
land, Area C, is east of the Columbia 
Southern plant and across the back 
channel from Blaine Island. The 
Technical Center, Area E, is located 
two miles from the rest of the plant 
and is 200 ft higher. 

In 1952 there were at least 60 out- 
falls from the chemicals plant into the 
back channel. Measurement of waste 
flow was difficult since the wastes 
were not yet segregated from the cool- 
ing water sewers. The Pollution 
Abatement Department made a sur- 
vey in which the unit supervisors es- 
. timated the flows. The unit flows 
were totaled to give an estimated 
waste flow from the plant. 

Segregation and collection of wa- 
ter-borne wastes were started on 
Blaine Island in 1953. Weis, man- 
holes, sewers, flumes, and a circular 
concrete sump were constructed to 
collect an estimated 37 per cent of the 
total contaminated flow and 61 per 
cent of the total BOD load. Upon 
completion of this system, flow meas- 
urements were made of the wastes 
passing through the sump to the river. 

In 1955, the Pollution Abatement 
Department made a new survey for 
the entire plant. Based on a compari- 
son between the estimated flow from 
units discharging into the collection 
system and the actual flow through 
the sump, a new design flow was es- 
tablished. 

In April 1954, a back channel sur- 
vey was made to establish the BOD 
load discharged to the river. Since it 
was impractical to measure the load 
from each contributing unit, the deci- 
sion was made to determine the BOD 
at the upstream and downstream ends 
of the back channel. The difference 
in load between the two points was 
specified as the load contributed to the 
river by the chemicals plant. A de- 
duction was made to correct for West- 
vaco’s wastes. 

During the summer months of the 
year Carbide uses 190,000 gpm of 
cooling water. Of this, it is estimated 
that 5,600 to 11,000 gpm are loaded 
with 130,000 Ib of 10-day BOD per 
day. 


Industry's Developmental Work 

As a basic assignment it was neces- 
sary to determine which wastes could 
be treated and which method of treat- 
ment was best. 

A confusing discrepancy was pres- 
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FIGURE |.—Map of the Kanawha River Valley. 


ent because of the fact that the indus- 
try’s computed total pollution loads 
were always lower than those found in 
the river by the regulatory agency’s 
stream surveys. Cooperation with the 
agency soon proved that the differ- 
ences were not due to lack of suitable 
equipment or improper techniques. 
Search of the literature revealed 
there was practically no information 
available on the BOD values of syn- 
thetic organic chemical compounds 
such as those which would probably 
be present in the waste streams from 
the manufacturing processes. A pro- 
gram of experimental work (1) was 
undertaken to determine whether 
these chemicals would decompose bio- 
chemically at the same rate as domes- 
tic sewage and to reconcile these dif- 
ferences. This work revealed the fol- 
lowing facts : 

1. Synthetic organic chemicals are 
not attacked biochemically in the 
same manner as sanitary sewage, 
when present in ordinary detectable 
amounts. 


2. It may be necessary to run the 
BOD determination for more than 
five days in order to estimate the pos- 
sible pollution by synthetic organic 
chemicals. 

Studies were undertaken to deter- 
mine the effect of specific organic ma- 
terials on a normally functioning bio- 
logical oxidation system, when the or- 
ganic materials were added intermit- 
tently at high instantaneous concen- 
trations to simulate shock loading (2). 
The experimental data were obtained 
by feeding a replica of the South 
Charleston process effluents to the dis- 
persed seed aeration system, reported 
by Heukelekian (3) as the nonfioccu- 
lent growths method. Further studies 


were undertaken to determine if ac- 
climatized bacterial growths would 
improve the biochemical oxidation of 
synthetic organic materials of interest 
to Carbide (4). The materials inves- 
tigated were known to be difficult to 
oxidize in a non-acclimated culture. 
Successful acclimation of microorgan- 
isms from Kanawha River water was 
obtained for all of the organic chemi- 
cals studied. ‘ 

In 1954, a large-scale pilot plant 
was constructed to collect data for de- 
termining final design and preparing 
final estimates. The pilot plant was 
located so that the wastes collected 
from Blaine Island could be the basis 
for experimental development of 
treatment methods. Brifly, the equip- 
ment consisted of (a) 1 140-gpm pri- 
mary pump, (b) 2 6-ft. diameter pri- 
mary clarifiers, (c) 2 1,300-gal mix- 
ing tanks, (d) 1 600-gpm recircula- 
tion pump, (¢) 1 6-ft diameter secon- 
dary clarifier, (f) 1 12,000-gal storage 
tank, (g) 1 4 by 4- by 22-ft long 
aeration tank, (4) 1 3 gpm sludge 
recirculation pump, (i) 1 5-ft diame- 
ter final clarifier, and (7) necessary 
instruments, feeders, and accessories. 

Several runs were made in 1955 
and 1956 to establish design criteria 
and bases for evaluation of different 
processes. These runs used conven- 
tional activated sludge, the biosorption 
process, trickling filters, and various 
combinations of these. Both stone me- 
dia and Dowpac HCS* were evalu- 
ated in a trickling filter. Nutrients, 
temperature, sludge disposal, and pH 
adjustment were all studied during 
the pilot plant operation. 

The pilot plant studies established 


* Manufactured by Dow Chemical Co., 
Midland, Mich. 





the optimum operating condition for 
each process on which the later de- 
sign was based. The choice of process 
was based on the consulting engineer’s 
economic evluation of the processes, 
covering the initial cost of construc- 
tion, annual operating costs, and the 
ease with which each process would 
fit into the State authorities’ future 
requirements for expansion. The acti- 
vated sludge process was recommend- 
ed and accepted. Part II of this paper 
will discuss reasons for this recom- 
mendation. 

While the pilot plant was in opera- 
tion, samples of various construction 
materials were placed in the top and 
bottom of the trickling filter, in the 
aeration tank, secondary clarifier, final 
clarifier, and raw waste sump to deter- 
mine which metals and coatings would 
be satisfactory. In addition, the Com- 


Combined Approach 

The City of South Charleston, dur- 
ing the period 1948 to 1954, was de- 
signing its own sewage treatment 
system. For this purpose, Carbide 
donated the site, Area F, to the City. 

In July 1954, it was suggested by 
the City of South Charleston that Car- 
bide install a waste treatment plant 
large enough to handle the combined 
wastes of the Chemicals Company and 
of the City. The reasoning for such 
a combined plant may be summarized 
here as: 

1. A combined plant would require 
less initial capital investment than two 
separate plants. This would result 
from more efficient use of land, elimi- 
nation of duplicated equipment, and 
lower engineering costs. 

2. A combined plant would have 
lower operating costs than two sepa- 





FIGURE 2.—Map cf South Charleston showing the oreas of significance in the report. 


pany in 1954 made a study of subsur- 
face disposal of awter-borne pollution 
at the South Charleston plant. The 
method was reported as undesirable 
for several reasons, the chief of which 
is that pretreatment of wastes for 
underground disposal is a critical and 
expensive process. One other inves- 
tigation reached a similar conclusion 
(5). 
industrial Approach to Problem 
During the period 1952 to 1954, 
Carbide proposed to design and build 
its treatment plant over a five-year 
period. The treatment plant was to 
be located in the chemicals plant with 
the primary clarifier and transfer 
pump station on Blaine Island near 
the collection sump. All secondary 
treatment and sludge disposal facili- 
ties were to be located on the North 
Charleston site, Area D. 


rate plants since duplication of per- 
sonnel and purchases would be elimi- 
nated. Utilities were estimated to be 
available at lower rates. 

3. Admixture of the City’s domes- 
tic wastes were expected to reduce 


Carbide’s waste nutrient require- 
ments, in particular, nitrogen and 
phosphorus. 

Some negotiation would be required 
to distribute equitably the initial cap- 
ital savings and the savings in oper- 
ating costs. The Company investigated 
the City’s proposal of a combined 
plant and concluded that it would be 
feasible and economical to design a 
combined plant large enough to treat 
the wastes from the City and Carbide. 
Its report indicated a capital savings 
of $150,000 and annual savings in 
operating costs of $50,000 to both par- 
ties. 
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At this time negotiations were be- 
gun with the City about the combined 
waste treatment plant. The negotia- 
tion period required 15 months. To 
account for this time period, any ven- 
ture such as this requires approval by 
the Sanitary Board, the City Council, 
the bondholders or bond companies, 
Chemicals company Management at 
South Charleston, and Corporation 
Management at New York. Each re- 
viewing or approving unit had its own 
lawyer or law department to review 
the proposal. 

During this period of negotiation, 
these points had to be settled : 

1. Ownership of the plant. A City- 
owned plant would be tax exempt. 
City ownership would relieve Carbide 
of acting as a public utility and would 
prevent the legal difficulties arising 
from other towns requesting that Car- 
bide treat their wastes. 

2. If City-owned, Carbide felt it 
necessary to be assured that the plant 
design would be adequate to handle 
the industry’s wastes. 

3. If City-owned, Carbide also felt 
it necessary to be assured that opera- 
tion of the works would be separated 
from political appointments. 

The negotiations were completed 
when three joint-venture contracts 
were signed on March 15, 1956. These 
contracts covered the following ar- 
rangements : 

1. The City will own the sewage 
treatment works and would accept 
Carbide’s wastewaters for treatment. 

2. Carbide will deliver its wastes to 
the City for treatment and will guar- 
antee not to build a competitive treat- 
ment plant. 

3. Carbide will furnish pilot plant 
data for the design basis. 

4. Carbide will be responisble for 
design of the works, with authority to 
sublet the design if necessary. 

5. The City hired the newly formed 
South Charleston Sewage Treatment 
Company, a subsidiary of Union Car- 
bide Corporation, to operate the City’s 
sewage treatment works. The Sew- 
age Treatment Company reserved the 
right to control employnient. 

6. Financial details were specified, 
such as sharing costs and setting up 
rates. 


Role of the Water Commission 

The West Virginia State Water 
Resources Commission has had a part 
in this problem through the years. As 
early as 1941, the organization, then 
known as the West Virginia Water 
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Commission, made an eftort to ascer- 
tain the quantity of pollution being 
discharged, and requested information 
as to whether methods of abatement 
were being considered. However, the 
war years intervened and little was 
done until February 1946, when a 
conference was called to discuss the 
industrial pollution problem, at which 
Carbide was ordered to make a thor- 
ough survey of all of its discharges 
and to advise the Commission regu- 
larly of progress toward abatement. 

In 1954, the Commission in sepa- 
rate letters to Carbide and the City 
ordered each of them to cease pollut- 
ing the waters of Kanawha River. 
The State Water Resources Commis- 
sion did not specify a detailed criterion 
on which to base the design of a sew- 
age treatment works. As the result of 
a conference in February 1957 with 
the Commission and representatives 
from the State Health Department, 
agreement was reached for a tentative 
design criterion of 42-per cent BOD 
removal. Later conferences confirmed 
this agreement. 

Because of the rapidly increasing 
estimates of final cost, in 1958, Car- 
bide requested the engineers to delay 
design until a resurvey could be made 
to determine the possibility of reduc- 
ing the flow, BOD load, and cost of 
the treatment plant. The State Water 
Resources Commission requested a re- 
port on the progress and a time sched- 
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ule for future planning, financing, and 
construction. At its meeting on Janu- 
ary 29, 1959, the Commission accept- 
ed Carbide’s report, approved the 
time schedule, and requested quarter- 
ly reports on design and construction 
beginning April 1, 1959. 


Education and Public Relations Efforts 


Prior to the entry of the City into 
Carbide’s pollution abatement pro- 
gram, Carbide made numerous efforts 
to keep the press and the public in- 
formed of its program to reduce pollu- 
tion of the river. An example was a 
report by Jenkins in 1954 (6). 


The negotiations between the joint- 
venture partners were confidential un- 
til all the details were settled and the 
contracts signed. On March 16, 1956, 
the Charleston Gazette carried a story 
entitled “Carbide Joins City of South 
Charleston to Build Sewer Plant, 
Unique Municipal-Industry Co-op 


Will Operate Works.” This front- 
page story reported the City Council 
signing the contracts and elaborated 
on details of the venture. Since that 
time Carbide and the City have made 
a sincere effort to keep the public in- 
formed of progress. 
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Treatment of Phenols with Sewage 


@ OveR THE YEARS petroleum refin- 
ing in particular has continually been 
improved with the result that greater 
volumes of more concentrated phenol- 
ic waste streams are produced in the 
process. The Norco Refinery of the 
Shell Oil Co. like much of the rest 
of the industry, had an ever increas- 
ing problem with the disposal of such 
sour waters, as phenol containing 
wastes are known. With the knowl- 
edge that biochemical treatment of 
such wastes has been found quite ad- 
vantageous to many others as a basis 
a program was undertaken to de- 
termine if practical use of this process 


by B. S. GRAVES 
Norco Refinery, Shell Oil Co., Norco, La. 


could be made at the plant. Of spe- 
cific interest was the use of bacterial 
culture present in the refinery’s con- 
ventional sanitary sewage treatment 
plant. 

The work progressed slowly, pri- 
marily because the quality of the re- 
finery’s effluent did not require a 
crash improvement program, and 
secondly because operating equipment 
is involved whose primary purpose is 
producing saleable products. Opera- 
tion of the sewage plant as described 
below must be scheduled so that the 
experimental program does not ad- 
versely affect either refining processes 
or sanitary sewage treatment. 


Table | 





Typical Phenol Reduction Data 








Sour Water, mg/l 
gpm 
mg/l 
Ib/day 
mg/l 


Ib/day 
to 


Untreated Sewage, 
Treated Sewage, 
Phenol Reduction, 
Temperautre, °F 
pH 


80-185 
8-70 
9-26 

15-43 

0.6-3.8 
1-6 


72-110 
74-9.9 
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Laboratory Work 


A laboratory study was launched 
first to review the general mechanism 
of bacterial action as well as to de- 
termine the specific varieties of bac- 
teria available in the sanitary sewage 
plant. The biochemical treatment is 
generally conceded to be influenced 
by these seven environmental factors: 
1. Temperature, 2. Metabolic Lag 
3. Nature of Initial Microbes, 4. 
Phenol Concentration, 5. Specific 
Phenols, 6. Nutrients, and 7. pH. 
Temperature. The optimum tempera- 
ture for maximum oxidation of phe- 
nols by bacteria has generally been 
found to be about 90°F. Success has 
been achieved with temperatures as 
high as 140°F. An appreciable de- 
crease in temperature drastically re- 
duces the ability of the bacteria to 
oxidize phenols. 

Metabolic Lag. Metabolic lag is the 
period of change which a bacterial 
culture must undergo in acclimating 
itself to a changing environment, in 
this particular case a changing food 
supply. We have not included an 
evaluation of this factor in our cur- 
rent study. It was sufficient to know 





that such a period would be experi- 
enced. 

Nature of the Initial Microbes. Sam- 
ples of bacterial slime were taken 
from the trickling filter and examined 
by microscopic and culture tech- 
niques. Two types of bacteria were 
found; gram negative, non-sporing 
rods, and gram positive sporing rods. 
The bacteria were classified as Ach- 
romobactor pseudomonas and Bacil- 
lus subtilis, Both are non-pathogenic 
and normally occur in air and water. 
Achromobactor pseudomonas was 
found to oxidize phenol in our labora- 
tory tests. Samples of sludge taken 
from the Imhoff tank also contained 
this bacteria. Bacterial counts were 
not made due to the non-homogeneity 
of the slime on the rocks in the trick- 
ling filter and of the sludge from the 
Imhoff tank. Phenol destroying bac- 
teria have been broadly classified in 
the literature as monas type* pseudo- 
monas type* and more specifically as 
Pseudomonas cruciviae.* The latter 
type, we understand, was found to 


*Also known as Achromobacter cruciviae 


predominate in a Dow Chemical 
Company system! * and is identical 
to that present in our system. 
Phenol Concentration. Bacteria have 
the ability to become acclimated to 
and to oxidize various concentrations 
of phenols up to 1000 mg/l. How- 
ever, if the phenol in a specific area 
is suddenly increased to a much high- 
er concentration many of the bacteria 
are killed. The surviving bacteria are 
more resistant and give rise to a 
strain capable of oxidizing higher 
concentrations of phenols. On the 
other hand, if the increase is gradual 
the bacterial population is not altered 
to a large extent. 

The concentrations or influence of 
all specific phenolic compounds pres- 
ent was not determined since there 
is relatively little which can practical- 
ly be done to alter petroleum process- 
ing as a result of such information. 
Nutrients. Bacteria require the nu- 
trients carbon, hydrogen, oxygen, 
nitrogen, and phosphorus for life. 
The bacteria in question are able to 
use phenolic compounds for their 
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source of carbon. Nitrogen and phos- 
phorus occur normally in sufficient 
quantity in domestic sewage. Oxygen 
requirements of the bacteria must 
also be met for proper respiration. 
Without oxygen they are unable to 
carry on the process of assimilation, 
motility, and other essential cell ac- 
tivities. 

Hydrogen ion concentration. In ad- 
dition to the foregoing factors, the 
pH of the waste water is also con- 
sidered to be a factor in bacterial 
oxidation. pH values ranging from 
6 to 10 have been reported as those 
at which most activity occurs. This 
again is a case of acclimation and 
sudden changes in pH should be 
avoided. At Norco the phenolic 
waste process water averages a pH 
of 9.5 while the outfall from the 
trickling filter is fairly constant at 9.0. 


Plant Trial 


Since existing conditions and pre- 
liminary laboratory results were 
quite promising, it was decided to 
make a plant trial, adding a phenolic 
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water stream to the influent of the 
refinery sanitary sewage treatment 
plant. This plant, (Fig 1) is conven- 
tional in design and construction. 

Over a period of 12 months, sour 
water input to the sewage system 
was increased in increments to 70 
gpm, so as not to shock the bacteria. 
Total phenol reduction has been 
relatively constant, throughout this 
period. Of particular interest in the 
phenol concentration gradient as flow 
proceeds to and through the sewage 
treatment plant. The waste water is 
added to the sanitary sewage some 
3000 ft upstream of the Imhoff tank. 
The sewer main is a woodstave line 
with a number of manways, each of 
which can admit oxygen. Table 1 
summarizes the important operating 
data and illustrates the range of con- 
ditions encountered. 

Attempts to make phenol balances 
have shown that there is about a two- 
thirds reduction between the mixing 
point and the sewage plant entry. Of 
the remaining phenol, some 5-10 per- 


cent is destroyed in the Imhoff tank, 
80-90 percent in the trickling filter 
and up to 5 percent in the secondary 
settling tank. Thus, the sanitary 
sewage plant itself effects a phenol 
reduction of 85-90 percent. 


Summary 


In summary, then, it can be said 
that it has been possible to destroy 
some 100 pounds of phenolic com- 
pounds per day by biochemical treat- 
ment of 70 gpm of waste process 
water in the sanitary sewage treat- 
ment unit. This improvement of re- 
finery effluent is significant. It results 
from an experimental program whose 
maximum potential has not yet been 
realized. The oxidation capacity of 
the existing sewage plant has not 
been determined since no deteriora- 
tion of stability or clarity of the 
effluent has occurred. It is planned 
to increase phenol charge rate to- 
wards the practical maximum. 
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The Odor Phase of Waste Disposal 


pes modern treatment of sewage 
and industrial wastes has become 
a factor of paramount importance 
as regards the health and general 
well-being of the modern community. 

Enlightened and informed public 
health authorities, designing engi- 
neers, and operators of modern sew- 
age treatment stations are showing 
an ever-increasing awareness of what 
may best be described as the concept 
of TOTAL WASTES ENVIRON- 
MENT. 

This concept extends beyond the 
efforts to obtain effluents with mini- 
mum solids content, the complete re- 
moval of grease and oils, the efficient 
and safe disposal of sludge, and the 
highest degree of bacterial control. 
It extends beyond these to include 
the “atmosphere” of modern wastes 
disposal. 

The evidence of this thinking is 


MOBILE APPLICATION UNIT counteracts airborne odors from a 


settling tank area 


by Nicholas Post 
Airkem, Inc., New York, N. Y. 


clearly seen in all of our newly de- 
signed wastes treatment plants, 
whether they be for domestic, in- 
dustrial wastes, or a combination of 
both. Modernistic buildings, attrac- 
tively designed and utilizing attrac- 
tive color motifs; well-landscaped 
grounds, an abundance of gleaming 
tile, and advanced design electronic 
controls all contribute to the image 
of modern, healthy, and efficient dis- 
posal systems. 

Odors, particularly the control of 
unwanted odors, play a vital part in 
the impression of all that up-to-date 
treatment implies. Odors and cleanli- 
ness, for centuries, have been closely 
associated. Unpleasant odors indicate 
a condition of uncleanliness in the 
mind of the average layman. The 
mere presence of objectionable and 
obnoxious odors can completely de- 
stroy the effect we intend to create 


primary 


through the various eye-appealing 
methods previously mentioned. 

In spite of the most advanced en- 
gineering designs, and excellent 
housekeeping and maintenance meth- 
ods, the complex and obnoxious 
mixtures comprising modern-day 
wastes may present unavoidable odor 
conditions. 

The question often asked is “How 
can a plant determine whether specific 
odor control methods are needed?” 
Principally, the observations of the 
operating personnel will determine 
the necessity for an odor control 
program and, secondly, the reactions 
of the community, as they become 
aware of the condition. Public senti- 
ment and civic pride, clamoring for 
air free of dust, soot and odors, 
demand waste treatment plants that 
are attractive, clean, and odor-free. 

The average citizen is not con- 
cerned with the problems imposed 
by increased population, new indus- 
trial plants, new chemicals, or more 
detergents. He is, however, con- 
cerned with the atmosphere that may 
pervade his front porch, his back 
yard, or his recreational area. The 
problem of odor control then be- 
comes one of public relations, and 
action by the plant is necessary. 

Methods now commercially avail- 
able for control of odors by treat- 
ment of odorous air, may be divided 
into four general classifications : com- 
bustion, absorption, use of odor 
modification, and counteraction. The 
first three methods, with their op- 
erating problems and limitations, have 
been described elsewhere in the litera- 
ture, notably by Weaver'. The author 
is primarily concerned with describ- 
ing the method of counteraction, pre- 
viously treated by von Bergen’. 

A very limited number of scientists 
have directed their attention to the 
field of odor perception. Around the 
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turn of the century, Hendrick Zwaar- 
demaker, a Flemish scientist, dis- 
covered that two substances, odorous 
singly, may be inodorous together. 
Using a double olfactometer, he ex- 
perimented with many pairs of odor- 
ous substances, iutroducing them in- 
dividually to either nostril to meas- 
ure the ratio of quantities required 
for neutralization or counteraction. 
By this method, all possibility of 
chemical reaction between the two 
substances was removed. Some of 
the recorded counteracting odors 
were cedarwood vs. rubber; rubber 
vs. wax; wax vs. balsam of Tolu; 
and paraffin vs. wax. It is important 
to note that the true neutralization 
or counteraction of odors leaves no 
overriding odor, pleasant or un- 
pleasant. There is some confusion 
in both the technical and popular 
press regarding the terms “odor 
masking” and “odor modification” or 
“odor counteraction”. Strong odors 
tend to mask weaker ones. If two 
odors are of about equal strength, 
a blend of the two is perceived or 
possibly both are identified. If one 
odor is considerably stronger than 
the other, as a rule it alone is per- 
ceived. This is masking. On the 
other hand certain pairs of odors, 
in appropriate relative concentrations, 
are antagonistic; and, when the two 
are sniffed together, the intensity of 
each odor is diminished. This is coun- 
teraction. The field of odor control 
by counteraction, as developed today, 
is based on the significant work done 
by Zwaardemaker. The development 
of odor counteractants has been a 
matter of pure research and many 
years have been spent in this delicate 
work. 

There is no widely accepted classi- 
fication of odors and, as a matter 
of fact, the description of odors us- 
ually depends on comparison. Sewage 
oders are complex groups of odors. 
It is unusual to obtain a specific 
odor from a sewage treatment plant 
and, even when this is the case, the 
odor may combine with transient 
odors in the surrounding atmosphere. 
For this reason waste odor counter- 
actant formulations, alt hough de- 
signed for specific odor descriptions, 
may contain complex groups of odor 
counteractants. There is no chemical 
method known for determining the 
effectiveness of odor counteractants. 
They are, however, successful in odor 
perceptive work and, in the last 
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CLOSE-UP of aeration unit (arrow 
points to fine mist emanating from 
nozzle) 


analysis, odor perception trials are 
the criteria for the effectiveness of 
any odor abatement method. 

The principle of odor counterac- 
tion deals with the molecules of mal- 
odor. In the process of odor per- 
ception the olfactory tract is so lo- 
cated that ordinarily only gas reaches 
it. Gas, of course, includes vapor. 
The sensitive areas are at the closed 


a 


ends of channels that are . readily 
penetrated only by diffusion, and the 
diffusion of solid and liquid particles 
of more than submicroscopic size is 
almost negligible. Accordingly, char- 
acteristic odors are rarely, if ever, 
produced by a smoke or mist of solid 
or liquid particles, however fine, ex- 
cept in the case of materials volatile 
enough to be smelled when only the 
vapor comes from massive forms of 
them. For practical purposes an odor 
is always a gas molecularly dispersed 
in the air in sufficient concentration 
to be above the threshold level of 
perception. For this reason, odor 
counteractants are most effective 
when vaporized and combined with 
the air stream by molecular disper- 
sion. Regardless of whether the 
stream of odors is held to the ground 
by air inversion or is vertically or 
horizontally dispersed, the counter- 
actant is carried with the malodor 
and is noticeably effective until the 
odor is dispersed beyond the range 
of perceptibility. 

There are many sources of odor 
within the sewage treatment plant. 
Open grit handling areas, bar racks 
and screens, sedimentation areas, dry- 
ing beds, sewage vents, manholes and 
lift stations may all become odorous. 
The odors from these sources expand 
by molecular dispersion in a rough 
range of five to one until the odorous 


th 
Gr” _ A 


ODORS FROM 350 ACRES OF RAW SLUDGE are effectively neutralized by 


15 vaporizing units (see insert) 
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ACTIVATED SLUDGE tank odors neutralized by Paasche nozzles located on 
extreme left and right of tank. Units operate automatically from a time clock 


pool is taken over by air movement. 
Further dispersal, mixing and dilution 
takes place during the variable air 
movements until the characteristic 
odor of sewage is perceived in the 
complaining area. 

Odor counteractants are vaporized 
in much the same way by atomizing 
the counteractant into the air stream 
by means of a calibrated atomizing 
nozzle. These vaporizing points are 
usually located at the ground level, 
on the roof of a plant structure, 
and in the vicinity of the most odor- 
ous effluents. This provides vertical 
coverage from the bottom to the top 
of the odorous pool. The odor coun- 
teractants mix with the odorous air 
stream by molecular dispersion and 
air movements, and are designed to 
follow the physical behavior pattern 
of the odorous elements. Some odor- 
ous elements disperse beyond the 
limits of perceptibility rapidly ; others 
are more tenacious and do not dis- 
perse as quickly, either horizontally 
or vertically. Many groups of odors 
continue to travel and vaporize for 
miles. Specific odor counteractants 
are designed to follow these physical 
dispersal patterns. 

Vaporization of the liquid odor 
counteractant is accomplished by 
clean, compressed air (approximate- 
ly 2 c.f.m. per gun). The liquid odor 
counteractant is stored in a drum 


in a convenient location and fed 
through small connecting lines to the 
vaporizing nozzles by air pressure. 
The operation is automatic and, once 
the installation is set up and bal- 
anced, requires little maintenance ex- 
cept for weekly filling of the con- 
tainers. Odor sources, vaporizing at 
a continuous rate, are treated con- 
tinuously. The atomizing equipment 
is simple, requires little or no serv- 
ice, and is readily adaptable to any 
area. It is easy to install, no altera- 
tions are required in the process 
equipment, and no downtime is re- 
quired for installation. 

In one activated sludge plant with 
an average daily sewage flow of 12 
m.g.d., two guns were mounted to 
vaporize in the area of the aeration 
tanks. Another gun was located at 
the grit removal chamber to take care 
of the odors from this point and 
also those odors which might origi- 
nate from the sludge drying beds 
nearby. A specific odor counteractant 
was used for these odorous compo- 
nents. 

In a second treatment plant which 
treats the wastes from a population 
some 20,000 people plus the indus- 
trial wastes from a pharmaceutical 
laboratory, two guns were installed 
at the trickling filters to operate 
automatically. At this plant the odor 
is most noticeable during the late 
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afternoon and early evening hours, 
so counteraction is placed in opera- 
tion only during these hours when 
the odors are most severe. 

In a third treatment plant hydrogen 
sulfide escaping from a raw sewage 
inlet structure caused numerous com- 
plaints. A vaporizing gun was in- 
stalled at the top of this inlet for 
atmospheric treatment. The enclosed 
area within the structure was not 
treated. It should be pointed out, 
however, that without its warning 
characteristic odor, hydrogen sulfide 
can be very deadly. It should never 
be treated for odor control until it 
has been discharged at a point where 
dispersal is sufficient to reduce the 
parts per million below the maximum 
permissible limits for toxicity. 

Since odor counteractants are de- 
signed to neutralize specific odors, 
it is possible to eliminate not only 
the odors common to domestic waste 
disposal, but also the great variety 
of odors produced by complex mix- 
tures of industrial wastes. In addi- 
tion to the most usual domestic sew- 
age odors produced, such as indole, 
skatole, methyl mercaptan, methyl 
sulfide, and amines, industrial wastes 
odors such as cresol, methyl ethyl 
ketone, iodoform, and pyridine may 
be neutralized by odor counteractants. 

The operating costs for odor coun- 
teractants are in the range of those 
common chemicals presently in use. 
In many cases the cost is less, be- 
cause no attempt is made to eliminate 
the odors from the thousands or 
millions of gallons of waste mate- 
rial, but rather only those odors that 
escape into the atmosphere and be- 
come a problem. 

Public opinion is an important fac- 
tor in modern wastes disposal meth- 
ods, and the lack of understanding 
on the part of the public is a serious 
matter. Good relations with the gen- 
eral public are extremely important, 
for an aroused public is an unreason- 
able public, and an unreasonable 
public can cause excessive expendi- 
tures. It is, therefore, critical and 
essential that modern wastes disposal 
concepts include the total wastes 
image they present to those they 
serve. 
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Determination of Chloride by Precision 
Null-Point Potentiometry* 


by HOWARD V. MALMSTADT and JAMES D. WINEFORDNER 
Howard V. Malmstadt, Assoc. Prof., and James D. Winefordner, Research Assoc., both of the Dept. of 
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arious titration methods utilizing 
visual, potentiometric, conducto- 
metric, and amperometric end-point 
detection have been used for deter- 
mining chloride in water samples (1). 
These methods often are sufficiently 
accurate if the chloride concentration 
in the titrated sample is greater than 
10 mg/l. If the concentration is less 
than 10 mg/I, as it is in many water 
samples, the titration methods give 
poor results (errors often exceeding 
10 per cent). It has been possible to 
determine chloride concentrations of 
less than 10 mg/I by several spectro- 
photometric procedures (2-6), but 
they generally are lacking in preci- 
sion, accuracy, adequate sensitivity, 
simplicity, or selectivity. Therefore, 
a procedure was developed using the 
new, extremely sensitive, precision 
null-point potentiometric technique for 
the chloride determination (7), and 
an automatic pipet for measuring and 
suitably diluting the water sample. 
Briefly, the procedure consists of 
rapidly changing the chloride concen- 
tration of a water sample until it is the 
same as the chloride concentration of 
a known reference solution. Obvious- 
ly, it is necessary to have a measuring 
system for indicating small differences 
in chloride concentration between the 
two solutions ; this is done by the pre- 
cision null-point potentiometric tech- 
nique (7). With this procedure a 
small aliquot of water sample can be 
prepared for analysis, the chloride con- 
centration measured by the precision 
null-point technique, and the final 
result calculated and recorded, all in 
about 1 min, with good precision and 
accuracy. Several ground and river 
water samples containing 0.03-30 
mg/1 chloride have been analyzed this 
way. It is possible also to analyze 


* Reprinted from the AWWA Journal, 
Vol. SL, pages 733-741, by permission. 
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samples of lower and much higher 
chloride concentration. 


Apparatus and Method 

The apparatus and method for 
measuring chloride in water samples 
are illustrated in Fig. 1 and 2. The 
chloride reference solution is put in 
a %-in. diameter glass isolation tube, 
I, immersed in a beaker, B, contain- 
ing the diluted water sample. The 
bottom of the isolation tube has a mi- 
cro opening (7) in contact with the 
sample solution. Electrical contact 
can thus be made between the two 
solutions without significant mixing. 
For the necessary micro opening, an 
asbestos fiber sealed in the end of 
the tube, or small cracks provided by 
sealing soft glass to pyrex, can be 
used. A silver-silver chloride elec- 
trode, E, is immersed in each solu- 
tion, and the potential across the elec- 
trode pair is observed with a suitable 
null-indicator. The junction potential 
is made negligible by preparing the 
reference and sample solutions and 
the added reagents to be 1M in sul- 
furic acid. The ions in the water sam- 
ple contribute negligibly to the ionic 
strength of the prepared sample, 
which is essentially equal to the ionic 
strength of the reference solution in 
the isolation tube. 

The precision null-point potentio- 
metric technique for determining chlo- 
ride in water samples consists of rap- 
idly preparing the sample for meas- 
urement by simple experimental pro- 
cedures described herein; pipetting 
an aligot of this prepared sample into 
the beaker, B; starting the stirer, S; 
and adding the appropriate standard 
reagent from the buret tip, T, in order 
to change the chloride concentration 
of the prepared sample to the concen- 
tration of the ‘known reference solu- 
tion. If the prepared sample solution 
is more concentrated in chloride than 


the reference solution, then the stand- 
ard dilution reagent is added until the 
null-point is reached. If the prepared 
sample is more dilute in chloride than 
the reference solution, the standard 
addition reagent is added. The vol- 
ume of water sample used for analysis 
and the reference concentration are 
chosen so that the final result for chlo- 
ride is obtained by the simple addition 
or subtraction of two numbers. The 
decimal place is determined by the 
volume of sample used for the chlo- 
ride measurement. 


In order to insure efficient stirring 
and provide a means of holding the 
beaker, electrodes, and isolation tube, 
and to allow a simple and rapid change 
of beakers, a stirrer setup as for elec- 
trometric titrations was used.* To ob- 
tain the most efficient stirring of the 
reagent added from the buret and the 
solution in the beaker, the buret tips, 
T, are pointed at and are nearly in 
contact with the enlarged end of the 
stirrer, S. The isolation compart- 
ment, J, and the electrode, E, in the 
beaker, B, are held in place by means 
of clips on the side of the stirrer stand. 

The potential between the Ag-AgCl 
electrode pair is measured by a con- 
venient null-detector, consisting of a 
high input impedance, d-c chopper 
amplifier + with a zero-counter, 500-pa 
meter in series with 1,000-ohm re- 
sistor across the output terminals (8), 
as illustrated in Fig. 2. Various am- 
plifiers with similar characteristics are 
available. Potential changes of 0.02 
mv were readily detectable by this sys- 
tem, and no significant polarization of 
electrodes was observed. 

In order to use zero as the null- 


* The setup used was that for the Sar- 
gent-Malmstadt Electrotitrator, manufac- 
tured by E. H. Sargent & Co., Chicago, Ill. 

+ Model M-10; a product of Mandrel 
Industries, Houston, Tex. 
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Fig. 1. Experimental Setup for Precision Null-Point Potentiometry. On the left is the stirrer 
and electrode holder setup; on the right, the null-point detector. The letters in the lower left 
portion of the diagram indicate the following: |, isolation tube; E, electrodes; T, buret tips; 
S, stirrer B, beaker. The numbers near the sidearms indicates connections to: (1) waste receiver, 
(2) large reservoir containing the stondard dilution reagent, (3) large reservoir containing the 


standard addition reagent. 


potential, it is necessary to buck out 
any small potential between the elec- 
trodes when the solution in the beaker 
is the same concentration as that in 
the reference compartment. This is 
done by using a zero-adjust circuit 
that will supply a maximum of 1 mv 
of bucking voltage. If there is more 
than 1 mv across the electrodes, so 
that balance cannot be achieved, then 
something is wrong with the elec- 
trodes or the isolation compartment, 
and the system should be checked. 

Automatic, self-zeroing, 25-ml, pre- 
cision-bore Teflont stopcock burets§ 
are used for adding the standard re- 
agents. Each buret is filled through 
a sidearm fitted with a Teflon stop- 
cock connected to a large reservoir 
containing the appropriate reagent. A 
short piece of polyethylene tubing is 
used to connect the tip of each buret 
to the delivery tips. 


tA product of E. I. du Pont de Nemours 
& Co., Wilmington, Del. 

§ Manufactured by Fischer & Porter Co., 
Hatboro, Pa. 


Automatic flushout pipets with 
three-way stopcocks are convenient 
and accurate for pipetting 1.000, 
0.1000, and 0.01000 ml of water sam- 
ples. The pipets can be prepared and 
calibrated as described by Seligson 
(9). Volumetric pipets can, of course, 
be used instead of the automatic flush- 
out pipets, but they are usually not as 
convenient and accurate for analyzing 
small volumes of samples. 

An automatic, 10-ml pipet with a 
three-way Teflon stopcock for delivery 
and filling is used to deliver accurate- 
ly 10.00 ml of 2M. H2SO,. The side- 
arm of the pipet is connected to a 
large reservoir of 2M H,SQ,. 


Reagent Solutions 

The determination of a sought-for 
constituent that varies greatly in con- 
centration from sample to sample pre- 
sents problems for most methods of 
analysis, especially if high accuracy is 
desired throughout the concentration 
range. Ifa titration procedure is used 
and a sensitive endpoint detection 
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method is available, it is, of course, 
possible to change the concentration of 
the titrant and select a suitable buret, 
so that the buret-reading errors are 
within the error limit. It is desirable, 
however, to have some idea of the 
concentration of the sought-for con- 
stituent in order properly to choose 
conditions for accurate measurements. 

In the precision null-point potentio- 
metric technique for chloride, some 
considerations are quite analogous to 
those inherent in the titration method. 
For one, it is desirable to choose suit- 
able concentrations of sample and oth- 
er reagents so that buret-reading 
errors will not cause other significant 
errors. Therefore, the concentration 
of reagents for the given procedure 
was chosen to provide good results 
over a wide chloride concentration 
range of about 0.04-4,000 mg/l. The 
methods of preparation and concen- 
trations of reagents used in preparing 
water samples for analysis by pre- 
cision null-point potentiometry are 
described below. Other concentrations 
of reagents could be used to cover 
other ranges or to decrease relative 
errors over a limited range. 

Stock sulfuric acid solution. A 
large volume (about 25 liters) of 5M 
H2SO,4 was prepared by diluting re- 
agent grade, concentrated H2SO, 
with deionized water (using 300 ml 
concentrated H,SO, per liter of stock 
solution prepared). 

2M sulfuric acid solution. A large 
volume of 2M H2SO, solution was 
prepared by pipetting an appropriate 
aliquot of the 5M H2SQ, stock solu- 
tion in a volumetric flask and diluting 
to the mark with deionized water. 

Stock sodium chloride solution. 
One liter of 100.0 mg/l Cl was pre- 
pared by weighing out reagent grade 
sodium chloride and diluting to vol- 
ume with deionized water. Several 
liters of 10.00-mg/1 Cl- solution were 
prepared by diluting the 100.0 mg/l 
Cl with deionized water. 

1.000-mg/l Cl reference solution. 
For each liter of reference solution 
that was prepared, 100.0 ml of 10.00 
mg/l Clk and 200.0 ml of 5M H2SO, 
stock solution were added to the volu- 
metric flask and diluted to volume 
with deionized water. 

Standard dilution reagent. For each 
liter of dilution reagent that was pre- 
pared, 200.0 ml of 5M H2SO, stock 
solution was added to the volumetric 
flask, and diluted to volume with de- 
ionized water. (If many chloride 
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analyses are to be performed, it is 
convenient to make ten or more liters 
at one time.) 

Standard addition reagent. For 
each liter of reagent that was pre- 
pared, 200.0 ml of 10.00 mg/1 Cl and 
200.0 ml of 5M H2SO, stock solution 
were added to the volumetric flask, 
and diluted to volume with deionized 
water. 


Preparation of Samples 

Water samples are prepared for 
measurement as follows, depending on 
the chloride concentration range of 
the samples. 

0.04-4 mg/l chloride. Pipet 10.00 
ml of the water sample into a clean, 
dry, 50-ml beaker and add 10.00 ml of 
2M HeSO, reagent. A 10-ml volu- 
metric pipet is convenient to use for 
the water sample, and a 10-ml auto- 
matic pipet for addition of the 2M 
H2SOx. 

240 mg/l chloride. Place several 
milliliters of water sample into posi- 
tion under the tip of the 1.000-ml 
automatic pipet, and after flushing 
with a few milliliters retain the water 
sample in the pipet tip. Rinse this 
1.000-ml aliquot sample into a clean, 
dry, 50-ml beaker with 9.00 ml of de- 
ionized water from the buret attached 
to the pipet (note that 10.00 ml of de- 
ionized water is added from the buret, 
but 1.00 ml is retained in the pipet). 
At the same time that the water sam- 
ple is added, a 10.00-ml portion of 2M 
H2SO, is placed in the 50-ml beaker 
from the automatic, 10-ml pipet. At 
this point, the 1.00-ml water sample 
has been diluted to 20.00 ml, which 
is 1M in H,SO,. Prior to position- 
ing the next water sample under the 
pipet tip, the deionized water in the 
pipet tip is drawn out by suction, and 
the rinsing buret is refilled from a 
reservoir containing deionized water. 
Also, the self-zeroing, automatic, 10- 
ml pipet is refilled from a reservoir 
containing 2M H2SO,. 

It is, of course, possible to use ordi- 
nary pipets to deliver the 1.000-ml 
water sample, the 9.00 ml of deionized 
water, and the 10.00 ml of 2M H.SO, 
into the 50-ml beaker, but they are 
not as convenient as the automatic 
pipets for routine analysis of large 
numbers of samples. 

20-400 mg/l chloride. Use the 
same procedure as described above for 
the 2-40-mg/1 chloride range, except 
that 0.1000 ml of water sample and 
9.90 ml of deionized water are to be 
used: 
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200-4,000 mg/l chloride. Use the 
same procedure as described for the 
2-40-mg/1 chloride range, but use 
0.01000 ml of water sample and 9.99 
ml of deionized water. The rapid and 
accurate delivery of these two vol- 
umes is most easily accomplished with 
the automatic pipet-buret combina- 
tion (9), although a syringe micro- 
pipet can be used for the 0.01-ml wa- 
ter sample and a 10-ml volumetric 
pipet for the deionized water. 


Determination of Concentration Range 


If the chloride concentration range 
of certain samples is not known, it is 
necessary to determine the approxi- 
mate concentration in order to dilute 
the sample properly to obtain accurate 
chloride results. This is readily ac- 
complished by diluting a 0.1-ml water 
sample to 29 ml, as was done for the 
chloride concentration range of 20- 
400 mg/l. Addition or dilution re- 
agent is then added, depending on the 
direction of deflection of the null-in- 
dicator. If 0-18 ml of addition re- 
agent or 0-20 ml of dilution reagent 
are sufficient to reach the null-point, 
then the volume added, Va, and the 
sample volume, Vs, equal to 0.1000 
ml, can be used for the accurate de- 
termination of the chloride concentra- 
tion. If 18-19.7 ml of addition re- 
agent are necessary to reach the null- 
point, a 1l-ml aliquot of the water 
sample is treated, as for the concen- 
tration range of 2-40 mg/1 chloride. 
If 19.7-20 ml of addition reagent are 


necessary, a 10-ml aliquot of water 


sample is treated, as for the concen- 
tration range of 0.44 mg/I chloride. 

If the null-detector indicates that 
dilution reagent should be added, and 
the null-point is not reached after add- 
ing about 20 ml (approximately the 
maximum volume that can be added 
without overflowing the 50-ml beaker 












































Fig. 2. Null-Point Detector. The schematic 
diagam shows the measurement and con- 
trol system. 


containing electrodes, stirrer, and oth- 
er apparatus), then a 0.0l-ml water 
sample should be used according to 
the sample preparation procedure for 
the 200-4,000-mg/1 range. 


Establishment of Null-Point 

At the beginning of each day, the 
asbestos fiber isolation compartment 
is emptied and filled to at least a few 
milliliters above the top of the Ag- 
Cl plate electrode with fresh 1,000 
mg/1 Cl- reference solution. The isola- 
tion compartment is positioned in the 
beaker as shown in Fig. 1, the refer- 
ence solution placed in both the beak- 
er. and the isolation compartment, the 
stirrer started, and the potential be- 
tween the two electrodes observed on 
the null-detector. In order to have a 
null-point at zero, any small potential 
between the two electrodes is bucked 
out by means of the zero-adjust con- 
trol. After every five or ten deter- 
minations, the null-point should be 
rechecked, using the reference solu- 
tion in the beaker. The null-point 
does not vary by more than +0.05 
mv, unless unusually large amounts of 
bromide are present in the samples. 


Measurement of Concentration 

After setting the null-point, the ref- 
erence solution in the beaker is re- 
moved. A beaker containing the 20 
ml of prepared sample is placed into 
position and the stirrer started. De- 
pending on the direction of deflec- 
tion of the null-indicator, either the 
addition or dilution reagent is added 
from the appropriate buret with the 
stopcock wide open until the null- 
point is nearly reached, at which time 
delivery of reagent is stopped. Small 
increments of reagent are then added 
by rapid rotation of the stopcock until 
the null-point is reached, the buret 
reading is recorded to obtain volume 
V., and the chloride concentration 
is calculated using the expression be- 
low. Between determinations, the 
buret used is refilled with suitable re- 
agent. 


Calculations 


The concentration of chloride in 
water is often expressed as “mg/I,” 
which is, of course, equal to pg/ml, 
and is calculated from the following 


Cr 
. ber o V. 
expression : V, are 


in which Vs is the volume (ml) of the 
water sample actually used for the 
chloride measurement by precision 





null-point potentiometry, Cr is the 
chloride concentration (mg/ml) of 
the reference solution, V, is the vol- 
ume (ml) of the prepared solution 
taken for measurement (20.00 ml in 
the given procedure), and V« is the 
volume (ml) of standard dilution or 
addition reagent used in reaching the 
null-point) either 1 M H,SO, or 2.000 
mg/l Cl in 1M H2SO,). If addition 
reagent is added, V» is subtracted 
from V,; if dilution reagent is add- 
ed, V, is added to V,. 

Because Cr is 1.000 mg/l Cr, and 
V. is 10, 1, 0.1, or 0.01 ml, the chlo- 
ride concentration is equal to VetVs, 
multiplied by 0.1, 1, 10, or 100 for the 
concentration ranges 0.04-4, 2-40, 
20-400, and 200-4,000 mg/1 chloride, 
respectively. For example, a water 
sample containing 4.00 mg/l Cl- could 
be prepared for analysis either by 
pipetting a 10.00-ml aliquot of the 
water sample into a 50-ml beaker and 
adding 10.00 ml. of standard 2M 
H2SO,, or by pipetting a 1.000-ml ali- 
quot into a 5-ml beaker and adding 
9.00 ml of deionized water and 10.00 
ml of standard 2M H.SO,. In either 
instance, the total volume of the pre- 
pared sample, V+, is 20.00 ml. In the 
former, the null-detector would indi- 
cate that dilution reagent should be 
added, requiring a volume Vs of 20.00 
ml to reach the null-point. In the 
latter, it would be necessary to deliver 
addition reagent, requiring 16.00 ml 
to reach the null-point. Therefore, 
the chloride concentration of the ori- 
ginal water sample would be 0.1 
(20.00-+-80.003) in the former and 





Table 1 
Chloride Determination in Known 
Samples by Precision Null-Point 
Potentiometry 





Concentration Found 
mg/l 


Deviation 
mg/I 


20.00-mg/! Ci Solution 


20.00 0.00 
20.03 0.03 
19.96 0.04 
19.98 0.02 
20.00 0.00 
20.04 0.04 








Avg 20.00 Avg 0.03 
3,546-mg/! Cl Solution 











1(20.00-16.00) in the latter, giving a 
final result of 4.00 mg/I Cl-by either 
method. This example also illustrates 
that the buret-reading error is less sig- 
nificant in the first instance than in the 
second, and that the relative error in- 
creases as the difference between V+ 
and V decreases. 


Results and Discussions 

In order to check the reproducibil- 
ity and accuracy of the sample prepa- 
ration procedure and measuring sys- 
tem, two sodium chloride solutions 
containing 20.00 and 3,546 mg/l Cr 
were each determined several times 
by the given procedures for the 2—40- 
mg/l] and 200-4,000-mg/I ranges, re- 
spectively. The results in Table 1 il- 
lustrate the precision and accuracy of 
the entire procedure when buret- 
reading errors are at a minimum. 

The chloride concentration in sev- 
eral ground and river water samples, 
which were prepared for analysis as 
previously described, was determined 
using the given sample preparation 
methods and the precision null-point 
potentiometric chloride measurement. 
The results are given in Table 2. 
Samples 1-10 were determined using 
the sample preparation method for 
chloride concentration in the 2—40- 
mg/l range. Samples 11-13 were de- 
termined by diluting a 10-ml water 
sample, as was done for samples in 
the 0.044 mg/I range. 

The chloride concentration in Sam- 
ples 1-12 was checked by the stand- 
ard-Mohr method, and in all cases the 
average titration result was within 1 
mg/I of the result by the new method. 
The precision was at least ten times 
better by the new precision null-point 
method than by the titration method. 

The larger relative error for Sam- 
ple 13 is a result of the buret-reading 
error, which could be reduced consid- 
erably by using a more accurate buret 
or by changing the procedure and 
using a more dilute chloride reference 
solution, possibly 0.1 mg/l Cl. Preci- 
sion and accuracy within about 0.01 
mg/l, however, are often sufficient at 
these low chloride concentration lev- 
els. 

It should be noted that the actual 
concentration of the stock sulfuric 
acid solution is not too important, but 
it is important that the sulfuric acid 
concentration be the same for samples 
and standard reagents, so that the liq- 
uid junction potential is negligible 
(7). Also important is that the sul- 
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Table 2 
Chloride Determination in Ground and 
River Water Samples by Precision 
Null-Point Potentiometry* 





No. of 
Sample Deter- 
No. minations 


Avg 
Deviation 
mg/I! 


29.9 0.1 
27.2 0.1 
12.1 0.2 
16.8 0.1 
10.2 0.1 
8.44 0.03 
7.76 0.04 
6.45 0.04 
5.38 0.05 
3.97 0.03 
1.57 0.02 
1.52 0.02 
0.03 0.01 


Found 
mg/I 





~_— 
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*A 1,000-m-gi Ci reference solution was 
used for all samples, which were obtained from 
the Illinois State Water Survey. 


furic acid used for samples and re- 
agents come from the same H2SO, 
reagent bottle, so that the chloride 
contribution from the sulfuric acid 
cancels out and does not enter into 
the calculation for chloride in the sam- 
ples. For these reasons, it is recom- 
mended that a large volume of 5M 
stock sulfuric acid be prepared. 

The interferences with the precision 
null-point potentiometric technique for 
chloride are quite similar to those for 
the argentimetric titration procedure, 
including any cations and anions that 
might precipitate or complex with 
chloride or silver ions. These ions 
include I-, Br-, CN-, S-, and Fe***, 
which are often in water samples in 
sufficient quantities to cause any sig- 
nificant interference. 

Synthetic samples containing quan- 
tities of Ca**, Fe***, Na*, 1-, Br-, 
Po,---, and CN- in the presence of 
known quantities of chloride, typical 
of water samples, gave chloride results 
that checked closely with the known 
values. 


Bromide shows anomalous behavior 
as previously described (7), and it is 
desirable that its concentration not 
exceed 0.01 mg/I in the diluted sam- 
ple. If the bromide concentration ex- 
ceeds 0.05 mg/l, there will be signi- 
ficant drifting of the electrode poten- 
tial, and it will be difficult to deter- 
mine the null-point accurately. 


Summary 

A new, rapid, accurate procedure 
is described for the determination of 
chloride in ground and river water 
samples. The samples are rapidly pre- 
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pared for analysis, and the chloride is 
measured by precision null-point po- 
tentiometry. Small water samples of 
0.01-10 ml are used to cover the wide 
chloride concentration range of about 
4,000-0.04 mg/1; the concentration of 
standard reagents remains the same 
throughout this range. The entire 
procedure for chloride determination 
in typical water samples, including 
sample preparation, chloride measure- 
ment, and calculation of final results, 
requires only about 1 min. 
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Determination of Calcium, Magnesium, and 


Total Hardness 


by Automatic Spectrophotometric Tritration* 


by HOWARD V. MALMSTADT and T. P. HADJIIOANNOU 
Respectively, Assoc. Prof., and Research Asst., Dept. of Chemistry and Chem. Eng., Univ. of Illinois, Urbana, Ill. 


t was recently shown (1) that cal- 
I cium and magnesium in dolomites 
and limestones can be determined rap- 
idly and accurately by an automatic 
spectrophotometric-titration procedure 
using ethylenediaminetetraacetic acid 
(EDTA) titrant. Results are now 
presented which show that the same 
automatic procedure is well suited for 
the determination of calcium and mag- 
nesium in both hard and soft waters. 

The method is extremely simple 
and rapid. An aliquot of the water 
sample is pipetted into a beaker, suit- 
able buffer solution and Eriochrome 
black T indicator is added, the beak- 
er is inserted into a new, commercially 
available titrator,* the automatic start 
button is pressed, and the titration for 
total calcium and magnesium is auto- 
matically terminated at the endpoint. 
Calcium can be determined by pipet- 
ting another aliquot of water sample 
into a beaker, adjusting to about pH 
13 with NaOH to precipitate the 
magnesium, adding Calconf indicator 
(2), inserting the beaker into the ti- 
trator, pressing the start button, and 
reading the buret after automatic ter- 
mination at the end point. Magnesium 
is determined by subtracting the 
amount of calcium determined in one 
aliquot from the total amount of cal- 
cium and magnesium determined in 
the other aliquot. 

The titrations are completed rap- 
idly, requiring from a few seconds to 
a few minutes, depending on the wa- 
ter hardness. For example, a sam- 

Reprinted from Journal AWWA, Vol. 
51, pgs. 411-417, by permission. 

Electro; a product of E. H. 


ple of hard water having 300 ppm to- 
tal hardness requires about 2 min, 
and a sample of soft water of 3 ppm 
hardness requires about 10 sec for 
the automatic titration. Less than a 
minute is needed for manipulation of 
the sample prior to titration. Sepa- 
rate analyses for calcium and mag- 
nesium in natural waters can both be 
completed in less than 5 min. 


Titrations of calcium and magne- 
sium with EDTA are, of course, now 
well established. Following the origi- 
nal work of Schwarzenbach and Bie- 
dermann (3), Diehl, Goetz, and Hach 
(4) determined both calcium and 
magnesium by a method based on 
the titration of total calcium and 
magnesium with EDTA, and the titra- 
tion of magnesium after precipitation 
of calcium as calcium oxalate, with 
the calcium determined by difference. 

Schwarzenbach, Biedermann, and 
Bangerter (5) used a saturated solu- 
tion of ammonium purpurate (murex- 
ide) as an indicator for calcium. Betz 
and Noll (6-8) studied the direct 
EDTA titration for the determina- 
tion of water hardness using murex- 
ide and Eriochrome black T as indi- 
cators. These procedures were more 
rapid than the conventional gravi- 
metric methods (9), which involve 
time-consuming precipitations and 
separations. The manual-visual end- 
point detection method, however, has 
given some difficulty. The endpoints 
are quite sharp, but there are ranges 
of color change within which a selec- 
tion must be made. When Erio- 
chrome black T indicator is used, 
Connors (10) recommends the use of 
an artificial color standard. Aconsky 
and Mori (tT) applied a spectrophoto- 


metric technique to improve endpoints 
in the EDTA titration of calcium in 
which murexide is used as indicator. 

The use of the automatic endpoint 
termination makes subjective evalu- 
ation unnecessary and provides ex- 
cellent reproducibility, with 0.01 ml 
of 0.01M EDTA solution. The auto- 
matic-titration results check closely 
with known samples. 


Apparatus 

The spectrophotometric, derivative 
titrator was used. The standard photo- 
conductive circuit and light source for 
the instrument were used and the po- 
larity and filter positions were set. 
For natural waters a 10-ml, self- 
zeroing, plastic* stopcock buret was 
used. It was filled with EDTA titrant 
from an elevated polyethylene bottle 
through the side arm which was fitted 
with a plastic stopcock, and all inter- 
connections were made with poly- 
ethylene tubing, except for the short 
piece of gum rubber tubing that con- 
nected the upper end of the instru- 
ment’s delivery tip to the buret tip 
via the buret valve. For low-hardness 
waters a 5ml buret already equipped 
with plastic delivery and refill stop- 
cocks and a reservoir was used. 


Reagents 

A standard calcium solution was 
prepared by drying primary standard 
calcium carbonate in an oven over- 
night at 110°C. Exactly 1.000 g is 
placed in a liter flask with about 200 
ml of twice-distilled or, preferably, de- 
ionized water ; 20-22 ml of 10M HCl 
are added to the flask, which is then 


*Teflon, a ag 2 of E. I. du Pont de 
Nemours & Co., Inc., Wilmington, Del. 
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Table 1 


Automatic Titration Results for Samples Containing Known Amounts 
of Calcium and Magnesium 





Calcium 
ppm 


Actual Found Difference Actual 


Magnesium 


Total Hardness as CaCO; 


ppm 
Found Difference Actual 


ppm 
Found Difference 





48.0 
48.0 
48.0 
48.0 


48.0 0.0 
48.1 +0.1 
48.0 0.0 
478 —0.2 


160.0 
160.0 
160.0 
160.0 


1599.9 —O.1 
160.1 +0.1 
160.0 0.0 
159.8 —0.2 


120 120 
161 162 
243 
326 


ry 
+1 
243 0 
S08: nd 


400 
44) 


400 0 
442. +1 
4830 +1 


606 605 —! 





heated on a hotplate to about 70°C 
until evolution of carbon dioxide. Af- 
ter the flask is cooled to room tem- 
perature, it is filled to the mark with 
deionized water. One milliliter of 
this standard solution represents 1.000 
mg CaCOs; or 0.4004 mg of calcium. 

‘Co prepare the EDTA solution, dry 
the disodium salt of ethylenediamine- 
tetraacetic acid dihydrate at 80°C. 
Dissolve 3.720 g of the dried salt in 
deionized water and dilute to 1 liter. 
Standardize this solution against the 
standard calcium solution and store it 
in polyethylene bottles. 

A magnesium solution is prepared 
by dissolving approximately 2.465 g 
of magnesium sulfate heptahydrate in 
a liter of distilled water. Standardize 
the solution with EDTA using Erio- 
chrome black T as indicator. 

Indicators used. are a calcium indi- 
cator prepared by dissolving 0.2 g of 
Calcon indicator in 50 ml of metha- 
nol, and a total calcium and magne- 
sium indicator (EBT), prepared by 
dissolving 0.2 g of Eriochrome black 
T in 50 ml methanol. 

To prepare a buffer solution, 67.5 g 
of reagent grade ammonium chloride 
and 570 ml of cp concentrated ammo- 
nium hydroxide are diluted to a liter 
with distilled water. 

Also used are sodium hydroxide, 
1.0N aqueous solution, and potassium 
cyanide, 10 per cent aqueous solution. 


Procedures for Natural Waters 

The titrator is switched to the 
“Spectro” position ; the polarity switch 
thrown to Position 2; the filter wheel 
turned to the 650-my position; the 
pegs in the base set to position the 
50-ml beakers properly; the small 
stirrer, delivery tip, and suitable buret 
are connected and the titrant delivery 
rate is set at about 3ml/min. The 
same conditions are suitable for both 
endpoints, 
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To standardize the titrant, pipet a 
5-ml aliquot of standard calcium solu- 
tion into a 50-ml beaker; dilute to 
about 20 ml with deionized water; 
adjust to pH 13 by adding 1N NaOH 
(test with pH paper) ; add 1-2 drops 
of Calcon indicator; insert the beak- 
er in automatic titrator; push the 
start button to start stirring and deliv- 
ery of titrant ; and read the buret after 
automatic termination at the end 
point. 

To determine total hardness pipet a 
20-mil aliquot of the water sample 
into a 50-ml beaker. Add 2 ml of the 
buffer solution and 3-4 drops of the 
potassium cyanide solution, insert the 
beaker into the titrator, and start the 
stirrer to mix the masking agent with 
sample. Then add 2 drops of the 
Eriochrome black T solution and ti- 
trate the solution by pushing the start- 
er button on the derivative control 
unit. The buret is read after auto- 
matic termination at the endpoint. 

To determine calcium hardness, 
pipet a 20-ml aliquot of the water sam- 
ple into a 50-ml beaker. Add 1N 
NaOH to bring the pH of the solution 
to 13 (2.5 ml is usually required ; use 
pHydrion* paper for the estimation of 
pH). Add 3-4 drops of the potas- 
sium cyanide solution ; insert the beak- 
er into the titrator; and mix by stir- 
ing. Add 1-2 drops of the Calcon 
indicator solution and push the auto- 
matic start button. The buret is read 
after the titration is automatically 
stopped at the endpoint. 

Magnesium hardness is calculated 
by subtracting the calcium hardness 
from the total hardness. 


Calculations 

When a 20-ml water sample is 
taken for titration, calcium, magnesi- 
um, and total hardness can be calcu- 


*A product of Micro Essential Lab., 
Brooklyn, N. Y. 


lated as follows: 

AX BX 50= ppm calcium. 

CX (D — B) X 50 = ppm mag- 
nesium 

D X E X 50 = ppm total hard- 
ness (CaCQOs), 
where, 

A= milligrams calcium per milli- 
liter EDTA solution, which is equal 
to 2.0022 divided by milliliters 
EDTA used in standardization titra- 
tion, 

B=nmilliliters EDTA solution 
used in titration, with Calcon as in- 
dicator, 

C = milligrams magnesium per mil- 
liliter EDTA solution, which is equal 
to 1.215 divided by milliliters EDTA 
used in standardization titration, 

D=nilliliters EDTA solution 
used in titration, with Eriochrome 
black T as indicator, and 

E=milligrams calcium carbonate 
per milliliter EDTA solution, which 
is equal to 5.00 divided by milliliters 
used in standardization titration. 


Results and Discussion 

Analyses of solutions containing 
known concentrations of calcium and 
magnesium in different amounts and 
in different ratios gave the results 
shown in Table 1. The absence of 
interfering ions in this case made un- 
necessary the addition of masking 
agents. The maximum error was 0.2 
ppm for calcium and magnesium, and 
1.0 ppm for total hardness. 

The method has been applied for a 
large number of natural waters. A 
few typical results are shown in Ta- 
ble 2, which is a comparison between 
gravimetric determinations made in 
the course of routine laboratory work 
and the automatic titration method. 
The waters tested had total hard- 
nesses ranging from 65 to 455 ppm 
(CaCOs). As can be seen from 
Table 2, there is close agreement be- 
tween the two methods. The maxi- 
mum difference between the two 
methods is 1.0 ppm for calcium, 0.8 
ppm for magnesium, and 3 ppm for 
total hardness. 

The delivery rate of the titrant was 
adjusted in the range of about 3 
my/min for the standardization of the 
EDTA solution and all the titrations 
of calcium and magnesium in Tables 
1-3. Faster titrant delivery rates are 
possible, but they cause slight over- 
shooting of the equivalence points, 
which necessitates blank corrections. 

The method was also tested on a 





number of water samples prepared 
from standard limestone and dolomite 
samples. Gram samples were digested 
in perchloric acid (1) and diluted— 
after the filtration of silica and the 
R,O3 group—to exactly 500 ml. Ali- 
quots of 5 ml were then diluted and 
analyzed. The results obtained are 
given in Table 3, which shows the 
good reproducibility of the automatic 
titration. This reproducibility is typi- 
cal of results obtained for all water 
samples. 

Ionic interference from heavy met- 
als that may be present is masked by 
adding potassium cyanide. In syn- 
thetic waters prepared from NBS 
Limestone la, ascorbic acid was add- 
ed for reduction of any Fe (III) and 
the solution was heated to about 40- 
50°C prior to pH adjustment and the 
addition of cyanide. 


Low-Hardness Waters 

A lower concentration of titrant 
and a larger volume of water sample 
are required for the low-hardness wa- 
ters in order to obtain good results. It 
was found that a 0.0025M EDTA 
solution was a satisfactory titrant, but 
it was necessary to increase titrant 
delivery rate to about 8 ml/min in 
order to provide a signal from the 
titrator that was sufficient to termi- 
nate the titration automatically. This 
high flow rate causes an overshooting 
of the equivalence point, but it is very 
reproducible and a blank correction is 
easily applied. A blank of 0.12 ml, 
equivalent to 0.3 ppm CaCOs hard- 
ness, was always subtracted from the 
volume of EDTA used in the titration 
by the low-hardness procedure. 

An attempt to determine separately 
the calcium and magnesium hard- 
nesses of low-hardness waters gave 
high results for calcium hardness and 
low results for magnesium hardness, 
because of the incomplete precipitation 
of magnesium as magnesium hydrox- 
ide when present in very low concen- 
tration (less than 1.0 ppm). There- 
fore, only total hardness as CaCO® was 
determined for low-hardness water. 

The titrator is set up in the same 
way as for natural waters except that 
the pegs in the base are set for a 
200-ml beaker, a stirrer of the correct 
size for efficient stirring of 100 ml of 
water is inserted, and the 5-ml buret 
with plastic stopcocks and reservoir is 
placed in position and the flow rate is 
adjusted to 8 ml/min. 

For low-hardness waters, close the 





Table 2 
Comparison of Automatic Titration and Gravimetric Results for the Determination 
of Calcium and Magnesium in Natural Waters 





Calcium 
ppm 
Sample Gravi- 
No. metric 
Analysis 


Gravi- 
EDTA metric 


Analysis 


Differ- 
ence 


Analysis Analysis 


Magnesium 
ppm 


Total Hardness as CaCO, 
Gravi- 
metric 


Analysis 


EDTA 





64.5 
65.5 
75.5 
90.5 
16.5 
57.0 
73.5 
87.0 
16.0 
77.0 


65.0 
65.6 
75.6 
90.2 
16.5 
56.3 
73.4 
86.0 
16.1 
77.2 


0.5 
0.1 
0.1 
0.3 
0.0 
0.7 
0.1 
1.0 
0.1 
0.2 


94 
43.1 
41.6 
56.2 

5.7 
21.5 
25.5 
34.9 

6.7 
36.7 
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201 
341 
360 
457 

65 
231 
287 
361 

68 
343 
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stopcock on the buret, and pipet 100 
ml of the water sample into a 200-ml 
beaker. Add 3ml of the buffer solu- 
tion and 3-4 drops of the potassium 
cyanide solution, and mix by stirring. 
Add 3-4 drops of the Eriochrome 
black 7 solution, push the automatic- 
start button and open the stopcock 
after the 10-sec time-delay relay is 
closed. The titration is automatically 
terminated within a short time, often 
just a few seconds, and the buret is 
then read. 





Table 4 


Automatic Titration Results for the 
Determination of Low Hardness 





Hardness* as CaCO, 
pom 





Difference 


—0.2 
—0.1 

0.0 
+0.1 
+0.1 
+0.1 
+0.1 
+0.1 


Found 


9.8 
49 
3.7 
2.6 
2.1 

1.4 
11 

0.6 








* Calcium, 62 per cent; magnesium, 38 per 
cent. 


Subtract 0.12 ml from the EDTA 
volume used in the titration and mul- 
tiply the difference by 2.5 to obtain 
the total hardness in parts per million 
calcium carbonate. Table 4 gives the 


values obtained over a range of 0.5-10 
ppm hardness. The average disagree- 
ment between the known and experi- 
mentally found values is about 0.1 
ppm. 

Instead of manipulating the stop- 
cock on the buret, as above, in order 
to be sure that the titrator is activated 
before the end point is reached, one 
may replace the 10-sec, safety, time- 
delay relay with a 2-sec time delay. 
This is a plug-in unit and is easily 
changed. In general it is best to oper- 
ate with the 10-sec time-delay safety, 
but it is not essential if the stirring 
has been started and solution thor- 
oughly mixed before the automatic 
start button is pushed. 


Summary 

A direct, automatic spectrophoto- 
metric EDTA titration for calcium 
and magnesium hardness has been de- 
scribed. Calcium is determined in the 
presence of magnesium at pH 13 using 
Calcon as indicator. The total amounts 
of calcium and magnesium are deter- 
mined at pH 10 using Eriochrome 
black T as indicator. Both titrations 
are automatically terminated at their 
equivalence points, and the subjective 
evaluation of endpoint is eliminated. 
Interference by heavy. metals is pre- 
vented by adding a few drops of po- 
tassium cyanide. The automatic-titra- 





Table 3 
Automatic Titration Results for Synthetic Hard Waters Prepared From 
Standard Limestone and Dolomites 





Calcium 
ppm 
Calcu- 
lated 
Value 


Sample Avg 
Devia- 


tion 


EDTA 
Value 


Magnesium 
ppm 
Calcu- Avg 
lated Devia- 
Valve tion 


Total Hordness as CaCO; 

ppm 

Caleu- Avg 
lated Devia- 
Valve __tion 


Avg Avg 
EDTA 


Value 





NBS Limestone la 
NBS Dolomite 88 


295.2 
217.8 


0.5 
0.4 


212.5 


21.5 21.7 0.2 


213.1 0.2 


316.5 
430.1 


316.9 0.5 
430.9 0.4 
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tion method was applied to more than 
a thousand samples with total hard- 
ness from 0.5 to 600 ppm, and the re- 
sults were very reproducible and ac- 
curate. The time required for an 
automatic titration varies from a few 
seconds to a few minutes, depending 
on the water hardness. Sample prepa- 
tion and manipulation and buret read- 
ing require less than a minute per 
water sample. 
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GENERAL PRINCIPLES of CHEMICAL 
COAGULATION* 


by M. C. RAND 


Chief Chemist, Middlesex County Sewerage Authority, Sayreville, N. J. 


t is the objective of this paper to 

bring together certain aspects of 
our existing knowledge which are per- 
tinent to the chemical coagulation of 
sewage. No new experimental data 
will be presented ; neither is there any 
pretense of reviewing here all of the 
rather extensive and sometimes very 
sophisticated publications on the sub- 
ject. The questions to be considered 
are the objectives of chemical coagu- 
lation as applied to the treatment of 
sewage and industrial wastes, the 
techniques available for realizing 
those objectives, their chemical and 
physical basis, to the extent that these 
are known, and the variables which 
influence the final results. It is hoped 
that this discussion will provide a 
general background for persons not 
already familiar with the chemical 
coagulation process, and perhaps also 
as a review for those already ac- 
quainted with the topic. 


Objectives of Coagulation 


The ultimate purpose of chemical 
coagulation of sewage or waste is the 
removal of particulate matter which 
cannot be separated from the liquid 
by gravity alone, either because it is 
too finely divided, or because its dens- 
ity differs too little from that of the 
suspending liquid. The means by 
which this result is accomplished is to 
collect these fine particles into aggre- 
gates of larger size, and possibly of a 
different density, which may then be 
susceptible to gravitational separation. 
If the process is successfully operated, 
there should result a degree of purifi- 
cation higher than that achieved by 
flotation or plain sedimentation, but 
not so high as that usually resulting 
from a biological treatment process. 


* Presented at the 44th Annual Meeting, 
New Jersey Sewage and Industrial Wastes 
Assn., Atlantic City, N. J. Reprinted from 
FSIWA Jour. Vol. 31, No. 7. 


For this reason, chemical coagulation 
is sometimes termed “intermediate 
treatment.” With strictly domestic 
sewage, normally the reduction of sus- 
pended solids ranges from 70 to 90 
per cent, and the reduction of BOD 
ranges between 50 and 85 per cent 
(1). When dealing with industrial 
sewages, the results may or may not 
fall within the ranges stated, depend- 
ing upon the composition of the sew- 
age. 

The applications of chemical treat- 
ment reflect the degree of purification 
the process can produce. Thus, co- 
agulation is indicated for situations 
in which the effluent quality produced 
by primary treatment is not accepta- 
ble, but the quality requirements do 
not justify the added expense of sec- 
ondary treatment. 


Theoretical Considerations 
Particle Size 


Since the chemical treatment proc- 
ess is concerned primarily with the 
removal of fine particulate matter, the 
main body of theoretical information 
deals with the behavior of such non- 
settleable particles. 


The solids in sewage and wastes 
constitute a state of matter termed a 
dispersed system, which is a general 
name for a system in which one sub- 
stance is divided into particles and 
distributed throughout a second sub- 
stance. The particles in such a system 
are termed “dispersoids,” and-the sus- 
pending gas, liquid, or solid is the 
“dispersing medium.” The particles, 
or dispersoids, may vary in size over 
a wide range, from small molecules or 
ions upward. Some authorities prefer 
not to apply these terms to systems in 
which the dispersed particles are large 
enough to be visible, with or without 
the use of magnifying devices, but for 
the present purpose it will be more 


convenient to cover all the particulate 
matter in sewage with one set of 
terms. 

Colloidal State 

Dispersed systems are subdivided 
on the basis of the size of the dis- 
persed particles. If the particles sepa- 
rate from the dispersing medium un- 
der the influence of gravity when the 
system is held quiescent, the system is 
a suspension. This term then applies 
to relatively large particles. At the 
other extreme, dispersed particles 
consisting of small, simple molecules 
or ions constitute a solution. Between 
these two, there lies a range of inter- 
mediate particle sizes which is termed 
“colloidal.” The size limits which sep- 
arate colloids from true solutions and 
from suspensions are rather indefinite. 
Originally, the colloidal state was rec- 
ognized on the basis of the behavior of 
the system, but the behavior does not 
change abruptly as the particle size 
passes a certain limit. Rather there is 
a progressive change of properties 
from coarse suspended matter through 
the colloidal size range to true solu- 
tions. Therefore, establishing limiting 
particle sizes to define the colloidal 
state is somewhat arbitrary. As a re- 
sult, there are no limiting values 
which can be stated as the correct 
ones, but most authorities set the 
lower limit at about 1 mp (1 mp = 1 
millimicron = one millionth of a mil- 
limeter). Likewise, the upper limit 
is usually set at about 1 » (l » = 1 
micron = one thousandth of a milli- 
meter) (2). 

Interest in the colloidal state stems 
from the fact that the solids affected 
by chemical coagulation are primarily 
those which exhibit the properties of 
colloids. The solids which are not re- 
moved by flotation or plain sedimenta- 
tion range in size up to 100 » (one 
tenth of a millimeter) (3). Even the 
largest of these, however, exhibit cer- 
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tain colloidal properties at least in 
some degree. It seems quite proper, 
therefore, to consider these larger par- 
ticles with the colloids, and for the 
purposes of this discussion they may 
be considered.as being colloids. An 
understanding of the behavior of dis- 
persed system in general, and of col- 
loids in particular, is therefore helpful 
in understanding the process of chem- 
ical coagulation. 

Stability of Colloidal System 

Undoubtedly the most significant 
property of colloidal systems, from 
the waste treatment standpoint, is the 
fact that colloids are not separated by 
_ the force of gravity alone. This char- 
acteristic is the perceptible end result 
of certain more subtle features of their 
behavior, which in turn are caused by 
the small size and mass, and the large 
surface area of the particles. 

The small size and mass of colloidal 
particles contribute directly to the 
stability of colloidal systems since par- 
ticles in this range are significantly 
displaced by collision with a molecule. 
Inasmuch as each particle is sur- 
rounded by molecules in constant mo- 
tion, collisions occur frequently and 
result in continuous random move- 
ment of the colloid particles. Largely 
because of this effect and the relatively 
small force exerted by gravity on such 
minute particles, their movement in 
response to gravity is not significantly 
more probable than motion in any 
effect of gravity is “overcome” by the 
random motion (Brownian motion) of 
the particles. 

On the other hand, this Brownian 
motion tends to bring about frequent 
collisions between the colloid particles 
themselves, and if conditions are such 
that the particles come into actual con- 
tact and adhere, Brownian motion aids 
their growth into settleable aggre- 
gates. 

Surface Area of Colloids 

The fact that colloidal systems usu- 
ally do not coagulate spontaneously as 
a result of Brownian movement is due 
primarily to effects resulting from the 
large surface areas which the particles 
present to the solvent. In fact much 
of the difference between dispersed 
systems and other states of matter is 
due to the tremendous area of the ex- 
posed surface of the dispersed phase. 
The magnitude of this factor becomes 
apparent if we consider a l-cm cube 
of material, having a total surface 
area of 6 sq cm. If this cube is cut 
into eight cubes, each with edges 0.5 


W.&S.W.—REFERENCE NuMRBER—1960 


cm in length, the surface area is in- 
creased to 12 sq cm. If the material 
is further subdivided into cubes with 
l-mm edges, there will result 1,000 
particles, with a total surface area of 
60 sq cm. Proceeding to the upper 
size limit of the non-settleable solids 
of sewage, if 1 cc of material is di- 
vided into cubes 0.1 mm on each edge, 
it produces one million particles, and 
the total exposed surface area is 600 
sq cm. At the upper limit of the gen- 
erally accepted colloidal range (1_» 
particles), the original 1 cc produces 
one trillion (10'*) particles, with a 
total surface area of 60,000 sq cm, or 
6 sq m. And finally, at the lower size 
limit of the colloidal range (particles 
1 mp in diameter), 1 cc of solid be- 
comes 10** particles, and the exposed 
surface area is increased to 6,000 sq 
m or about one and a half acres. Ob- 
viously, surface effects, which are not 
detectable on the cube having a sur- 
face area of 6 sq cm may become 
very pronounced when the material is 
dispersed to give a total surface area 
measured in square meters or acres. 
Electrical charge on Particles 

One surface effect which is of great 
importance in determining the stabil- 
ity of colloidal system is the fact that 
colloid surfaces tend to accumulate a 
definite electrical charge. For certain 
colloids of well-defined chemical com- 
position, such as inorganic salts and 
purified proteins, a rather complex 
theory has been developed which re- 
lates the sign and the magnitude of 
the surface charge under given con- 
ditions to the composition of the col- 
loidal particles (4) (5). This theory 
has been successfully applied in ex- 
plaining the removal of certain inor- 
ganic ions from water by chemical 
coagulation (6) (7). There has been 
some disagreement among authors as 
to whether this effect should be at- 
tributed to adsorption of ions from 
the solution or to ionization of the 
surface of the colloid particle (6). 
However, both approaches assume 
that the colloid surface contains polar 
groups. In sewage, a significant part 
of the non-settleable material con- 
sists of non-polar compounds, such 
as carbohydrates and esters (8). 
Even for these substances, it is to be 
expected that the surfaces of colloidal 
particles will accumulate a charge 
since apparently any solid, regardless 
of its composition, when in contact 
with a gas or a solution, tends to ad- 
sorb on its surface a layer of gas 


molecules or dissolved molecules or 
ions. This effect is relatively minor 
with massive solids, but as has been 
shown, the surface areas of colloidal 
particles are enormous compared with 
their mass. The affinity of a given 
solid ordinarily differs for any two 
different kinds of solute particles. In 
any aqueous system ions are invari- 
ably present—hydrogen and hydroxyl 
ions even if all others are absent. Col- 
loid surfaces then adsorb these ions, 
and usually in unequal quantities. It 
is safe to generalize, therefore, that 
all the colloids of sewage usually car- 
ry electrical charges. 

These charges contribute impor- 
tantly to the stability of the colloids. 
The simplest way of considering their 
effect is merely to state that all the 
colloid particles of the same kind car- 
ry a similar charge, and therefore re- 
pel each other. The repulsion de- 
creases the probability that the 
particles will collide and aggregate 
into clumps of settleable size. The 
more complete theory explains the 
quantitative features of this effect on 
the basis of the composition of the 
colloids and of the surrounding me- 
dium (4). For discussion purposes, 
however, it is sufficient to note that 
the successful coagulation of these fine 
particles is greatly aided by the neu- 
tralization of these charges. In prac- 
tice, this is best accomplished by re- 
action with either ions or colloids 
bearing charges opposite in sign to 
the charges on the colloids to be re- 
moved. 

Sewage Colloids 

The composition of the organic mat- 
ter of domestic sewage is such that 
the majority of the colloids are nega- 
tively charged unless free mineral 
acidity is present. They are therefore 
neutralized primarily by reaction with 
the cations (positively charged ions) 
of added electrolytes. In general, ca- 
tions of higher valence are more ef- 
fective. No strict quantitative rela- 
tionship between valence and effect 
has been described, but the trend is 
well marked and well known. Thus, 
trivalent ions such as aluminum and 
ferric ions are in general more effec- 
tive than divalent ions, e.g., calcium 
and magnesium, which in turn have 
much greater effect than monovalent 
cations. Typical reports show that 
trivalent ions are five or ten times 
as effective as divalent, and several 
hundred times as effective as mono- 
valent ions. 





Also, when dealing with domestic 
sewage, it is usually found that the 
best results are accomplished by co- 
agulation in the slightly acid range, 
presumably because under these con- 
ditions the inorganic floc produced by 
hydrolysis of the coagulants bears 
positive charges. 

Another surface effect important to 
colloid stability is the hydration of the 
particles. When the chemical nature 
of the colloid is such that it has a 
strong affinity for the molecules of the 
solvent, the colloid is termed “lyo- 
philic. In such cases, each particle is 
solvated. In other words, a layer of 
solvent is closely bound to the surface 
of each particle. This “shell” of sol- 
vent is believed to offer mechanical re- 
sistance to coagulation (6), probably 
by tending to prevent contact between 
the particles themselves. 

A similar but distinct case may oc- 
cur with colloid particles which, due to 
their comparison, do not have a high 
affinity for the solvent. If another 
substance is present having affinity for 
both the dispersed and the dispersing 
phase, the stability of the system is 
greatly increased. The most familiar 
example of this effect is the emulsifi- 
cation of oil in water by soap. Sys- 
tems of this type have been termed 
protected colloids, and the stabilizing 
substance the emulsified or the pro- 
tecting agent. Apparently in these 
systems the colloid particles are sur- 
rounded by a solvent shell comparable 
to that of the lyophilic colloids. 

In the coagulation of both lyophilic 
and protected colloids, the stabilizing 
effect of the solvent shell must be 
overcome. Unfortunately, little is 
known of means of accomplishing this 
end which can be generally applied in 
sewage treatment. Experimentally, 
desolvation is usually accomplished by 
adding high concentrations of salts or 
organic solvents to the system, but 
this approach offers little promise in 
the field of wastewater treatment. 

In some cases, a change in the chem- 
ical composition of the colloid parti- 
cles may result in a change of colloid- 
solvent affinity. For example, the 
partial coagulation sometimes pro- 
duced by chlorination may be due to 
this effect. However, knowledge of 
the process is not complete enough to 
permit its intentional application. A 
somewhat parallel situation may occur 
with protected colloids. In these 
cases, a change of composition of the 
emulsifying agent may destroy the 


emulsion completely, as for example, 
if the soap stabilizing an emulsion of 
oil in water is precipitated by a cal- 
cium salt. 


Applications to Practice 
Basic Principles 

Practical methods for the removal 
of non-settleable particles from sew- 
age and wastes may be referred to 
two fundamental principles. The fine 
particles may be adsorbed on larger 
pre-existing particles, or the colloids 
themselves may be aggregated into 
particles of settleable size. Trickling 
filters, sand filters, and the activated 
sludge process accomplish colloid re- 
moval largely by the former process, 
followed by oxidative destruction of 
the organic constituents of the col- 
loids. In chemical coagulation, how- 
ever, both adsorption and aggrega- 
tion are of importance. 

In terms of plant operation coagu- 
lation consists normally of two steps. 
In the first, one or more chemicals 
are added to the sewage or waste and 
distributed as quickly and as uniform- 
ly as possible throughout the whole 
volume to be treated. This first step 
is referred to as mixing—often as 
flash mixing—to distinguish it from 
the following step. Although the prin- 


cipal objective of this step is solution 


and distribution of the chemicals, 
their reaction with the water, the col- 
loids, and each other certainly begins 
immediately. 

The second step is termed floccula- 
tion and consists of a longer period of 
more gentle agitation. During this 
phase the chemical reactions continue 
and are followed or accompanied by 
the physical reactions which result in 
coalescence of some of the non-settle- 
able particles of the sewage into settle- 
able aggregates. 

Although a wide variety of tech- 
niques and equipment are available 
for use in these two steps, all are 
based upon the principles just out- 
lined. Flocculation is normally fol- 
lowed by sedimentation or flotation, 
which however, are usually considered 
to be separate processes. 

Coagulant Reactions 

The chemicals most used as coagu- 
lants are salts of polyvalent, usually 
trivalent, metals. The reactions into 
which they enter in coagulation are 
complex and not fully understood. 
One reaction which is certainly im- 
portant is the hydrolysis of the co- 
agulant by the bicarbonate alkalinity 
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present in the sewage or waste to 
produce an insoluble metal hydroxide. 
If this were the only reaction there 
should be a constant relationship be- 
tween the amount of coagulant added, 
the amount of alkalinity consumed, 
and the amount of carbon dioxide 
formed. However, the decrease of al- 
kalinity and the release of carbon di- 
oxide are always less than the theo- 
retical amounts and the ratio of actual 
to theoretical values is not constant 
(9). This indicates that other reac- 
tions are involved. Usually the hy- 
drolysis of the coagulant is incomplete 
and the floc contains anions other 
than hydroxide (10). Also, part of 
the cations of the coagulant may react 
directly with the sewage colloids. In 
such reactions, the difference between 
neutralization of the colloid charges 
and formation of salts of the colloids 
becomes rather indistinct if specific 
cases are considered. Certainly, how- 
ever, a part of the coagulant is con- 
sumed in this way. 

Within the first few seconds after 
the coagulant contacts the sewage or 
waste, the formation of insoluble reac- 
tion products results in the appear- 
ance of microscopic precipitated par- 
ticles. At the same time, reaction of 
the coagulant with the colloids of the 
sewage has rendered them more sus- 
ceptible to aggregation, primarily 
through reduction of their surface 
charges. During the flocculation pe- 
riod several processes take place si- 
multaneously. The minute particles of 
preciptated hydroxides or basic salts 
produced from the coagulant increase 
in size as further precipitation oc- 
curs on their surfaces. If the con- 
centration of coagulant exceeds the 
concentration of hydroxyl ion, as 
is usually the case, the particles 
maintain positive charges. Any nega- 
tive charged sewage colloids, there- 
fore, tend to be attracted to the 
floc particles and adhere to them, fur- 
ther increasing the size of the floc. As 
the inorganic portion of the floc con- 
tinues to grow by continued precipi- 
tation, the sewage colloid particles 
may be completely surrounded and 
enclosed in the interior of the floc. 
Meanwhile the colloids of the sewage 
or waste have been partially neutral- 
ized by reaction with the coagulant 
cations, decreasing their electrostatic 
repulsion. The gentle stirring pro- 
vided as a part of the flocculation 
process causes frequent collisions 
among the various small particles 
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present. The particles tend to cohere 
whenever they contact one another at 
this stage, so the over-all result of the 
reactions of the coagulant and the stir- 
ring of flocculation is relatively rapid 
growth of the size of the floc particles. 

The degree of turbulence produced 
in the flocculation step is of great im- 
portance to the over-all results, as it 
greatly affects the maximum size of 
the floc particles produced. Some 
turbulence is essential to cause colli- 
sion of the small particles and their 
growth into settleable aggregates, but 
on the other hand, violent turbulence 
tends to break up the floc. It is essen- 
tial, therefore, to find the proper de- 
gree of stirring for best results. 
Coagulants in Use 

The chemicals employed in coagu- 
lation are often considered in two 
categories, the coagulants, and the co- 
agulation aids. Those considered as 
coagulants are salts of polyvalent, 
usually trivalent, metallic ions. Those 
more commonly used include alum, 
ferric chloride, ferric sulfate, and 
chlorinated copperas. Experimentally, 
many other similar compounds are 
effective coagulants, for example tita- 
nium salts and aluminum chloride, 
but such practical considerations as 
their cost and availability prevent their 
use for sewage treatment except un- 
der unusual circumstances. The co- 
agulants in general are chemicals 
capa of forming a floc and producing 
coagulation when they alone are add- 
ed to sewage and waste under the 
proper conditions. 

Coagulant aids, on the other hand, 
are chemicals which produce little or 
no floc formation when they are used 
alone, but which may improve over-all 
results obtained by the use of coagu- 
lants. In sewage and waste treatment 
their primary function is usually pH 
adjustment and of the chemicals used 
for this purpose, lime is by far the 
most important. Sodium aluminate, 
activated silica, certain clays, and 
other materials are used in water 
treatment but they are seldom used in 
treating sewage and industrial wastes. 
The primary function of these prod- 
ucts is to provide microscopic nuclei 
which serve as starting points for the 
growth of settleable floc. Since sew- 
age already contains sufficient particu- 
late matter, there is usually little ad- 
vantage to be gained by their use. 
Synthetic organic poly-electrolytes are 
now being offered commercially for 
use as coagulant aids, but data re- 
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garding their use in full-scale treat- 
ment are still rather meager because 
of their newness. 

Coagulant Selection 

The choice among the various coag- 
ulants available is a problem which 
must be solved separately for each 
specific situation. It is usually neces- 
sary to determine experimentally the 
relative amounts of different coagu- 
lants needed to produce acceptable 
results, and to evaluate the experi- 
mental data in terms of the relative 
costs of the various alternatives. In 
this connection, the use of by-product 
materials, which may be unusually 
cheap or readily available at a particu- 
lar plant, should not be overlooked. 

In the majority of cases the choice 
will be made between alum and cer- 
tain iron salts. As a class, the iron 
salts are in most locations more ex- 
pensive than alum, and they have cer- 
tain disadvantages in regard to ease 
of handling since they tend to be hy- 
groscopic, corrosive, and rather slow 
to dissolve. On the other hand they 
are often better coagulants than alum. 
The pH for coagulation tends to be 
less critical when using iron salts than 
with alum, and the ferric ion gen- 
erally appears to be more effective 
than the aluminum ion as a precipitant 
for negative colloids. The iron floc 
tends to be more dense and physically 
stronger, which improves settling and 
permits somewhat more vigorous agi- 
tation during flocculation. Finally, the 
iron salts quantitatively remove any 
sulfides which are present. 

It should be emphasized, however, 
that these generalities can serve only 
as an indication as to which compound 
appears the most promising before 
experimentation is begun. It is quite 
possible, indeed. quite likely, that in 
any given plant results may not hold 
with those obtained elsewhere. 
Factors Affecting Coagulation 

The variables which affect the final 
results from an impressive list, includ- 
ing the kind and amount of coagulant 
and of coagulant aid, if any, the 
amount and kind of suspended and 
colloidal matter present, the pH, the 
dissolved solids concentration, the 
acidity, alkilinity, and other chemical 
characteristics of the sewage, the time 
interval between additions of the va- 
rious chemicals used, the order of 
their addition, the duration and the 
violence of the mixing provided for 
both distribution and flocculating, and 
the temperature. Fortunately, in solv- 


ing any practical problem some of 
these factors are fixed, so that it is 
seldom necessary to determine the 
optimum values of all of them. For 
example, in almost all cases the vari- 
ous parameters relating to the com- 
position of the sewage to be treated 
are beyond the control of the persons 
concerned with its treatment. Also, in 
dealing with an established plant the 
time and the turbulence provided for 
mixing and flocculation are usually 
fixed, or may be varied only within 
narrow limits. Thus, ordinarily the 
operator is concerned only with deter- 
mining the kind and amount of coagu- 
lant and coagulant aid and the pH 
which give best results or which give 
the desired results most economically. 
When the problem is not the operation 
of an existing plant but the design of 
a new plant or plant additions, the ef- 
fects of certain other factors may also 
need to be examined. For instance, it 
may be necessary to consider varying 
the retention time and the rate of agi- 
tation in the mixing and flocculation 
steps. If more than one chemical is to 
be used, the order of their addition and 
the time interval between additions 
must also be determined. 


Laboratory Evaluation 

The details of a program of experi- 
mentation with coagulation are not 
within the scope of this discussion. 
However, certain general considera- 
tions may be worth mentioning. First, 
it is important to set up the conditions 
of laboratory experimentation so that 
they parallel plant conditions as nearly 
as possible. If the retention time in 
the mixing, flocculation, and sedimen- 
tation steps are fixed, corresponding 
time intervals should be used in the 
experiments. If variation is possible 
in the plant, then the various times 
tested in the laboratory should cor- 
respond to those available in actual 
operation. Likewise, the order of ad- 
dition of chemicals and the time in- 
terval between additions should be 
based upon the plant design. Since so 
much depends upon the chemical char- 
acteristics of the sewage it is perhaps 
needless to say that the samples used 
in the laboratory should be represen- 
tative of the material which will be 
treated. 

In various accounts of experimental 
work along these lines, it is apparent 
that many different parameters have 
been used to evaluate the results of 
the various conditions tested. Among 
them has been the time required for 





the formation of visible floc, the 
amount of floc formed in a fixed length 
of time as judged either by visual 
observation or by weighing, the set- 
tling rate of the floc formed, the size 
of the floc, and the turbidity, either 
before or after sedimentation. It seems 
better to judge the success of the ex- 
periments in terms of the results 
which are expected on a plant scale. 
Usually, this means that the suspended 
solids reduction should be determined 
for each set of conditions being tested 
and if BOD removal is also one of 
the objectives of the treatment, this 
should also be determined. 

Finally, it is emphasized that labora- 
tory coagulation tests cannot replace, 
and should not be expected to replace, 
tests on a plant scale. This is due 
primarily to the fact that it is not yet 
possible to precisely reproduce plant 
conditions in the laboratory. Condi- 
tions of mixing are particularly hard 
to duplicate ; and the degree of turbu- 
lence prevailing during sedimentation 
and in the transfer of the liquid from 
the flocculation to the sedimentation 
steps are also difficult to translate from 
plant to laboratory terms. These state- 
ments are not intended to underrate 
the importance of laboratory tests; 
properly performed and interpreted, 
they can be a most valuable guide to 
the plant conditions which will pro- 


duce the best results. However, having 
determined the conditions which pro- 
duce best results in the laboratory, it 
is often profitable to experiment in 
the plant with slight deviations from 
those conditions to ascertain whether 
such changes may improve the results. 

In plant-scale experimentation, it is 
not ordinarily possible to draw valid 
conclusions from a test of one or two 
days’ duration unless the results are 
extremely poor. It is usually necessary 
to continue with a given set of condi- 
tions for at least a week, and prefer- 
ably longer, to eliminate the effects of 
day-to-day variations and permit a 
meaningful comparison with another 
test period under different conditions. 


Summary 

An effort has been made to outline 
in a qualitative way the status of exist- 
ing knowledge of the theoretical as- 
pects of chemical coagulation and to 
show both the applications and the 
limitations of this knowledge. Prob- 
ably this discussion has once again 
made apparent the commonly known 
fact that there is still as much art 
as science in the chemical treatment 
of sewage. It is hoped, however, that 
a consideration of such basic knowl- 
edge as is available on the subject may 
prove of value to an improved under- 
standing of the art. 
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HE “dye test” is a fairly standard 

method for revealing hydraulic 
detention characteristics of a sedi- 
mentation basin. A slug of dye or 
other marking substance is introduced 
into the feed to identify the fluid 
entering the basin at a particular mo- 
ment. Overflow is subsequently sam- 
pled at timed intervals and the sam- 
ples analyzed for dye. The resulting 
curve of dye concentration vs. time 
reveals the fraction of the marked 
slug of feed which is reaching the 
overflow after any given time of de- 
tention in the basin. 

The function of a sedimentation 
basin, however, is to remove solids 
from suspension. No method has been 
developed for interpreting dye test 
results to indicate a quantitative index 
of the sedimentation efficiency. Quali- 
tatively it usually is taken for grant- 
ed that the longer it takes a dye 
front to arrive at the overflow, and 
the less the dispersion of the front, the 
more nearly perfect the basin. How- 
ever, such qualitative interpretation 
does not suffice for the engineer. He 
is required to judge a basin ultimate- 
ly, not on the basis of its hydraulic 
perfection, but on the basis of the 
over-all economy with which it per- 
forms its sedimentation function. In 
order to judge whether an improve- 
ment in dye test results is worth the 
over-all cost, he needs to know how 
much sedimentation results are im- 
proved. 


Even the qualitative premises men- 
tioned above is not necessarily valid 
in all cases. Removal of particles 
which do not flocculate during sedi- 
mentation, and which hence maintain 
a constant settling rate with respect to 
the suspending fluid, is governed by 
overflow rate and not at all by deten- 
tion (1). Density current or vertically 
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disposed short-circuiting does not de- 
crease the removal of such particles. 
Because a dye test curve does not dis- 
tinguish between density-current 
short-circuiting and either mixing or 
streaming, it follows that there may 
be no significant relationship between 
dispersion of the dye from and remov- 
al by sedimentation of non-flocculat- 
ing particles. Consequently, in basins 
removing these particles the dye test 
curve is not by itself a direct indica- 
tion of sedimentation performance. 

Materials which coagulate or floc- 
culate during sedimentation behave 
differently. It has been shown that 
for such materials detention may be 
a major factor in determining remov- 
als (2) (3) (4). In sucha case the de- 
tention characteristics of a basin as 
revealed by a dye test are obviously 
significant and should be applicable 
as a measure of the removals to be 
expected. The problem is to express 
the dye test results as a “detention 
efficiency” which is related in some 
comprehensible and quantitative man- 
ner to the sedimentation results. This 
can be done, at least approximately, 
using an approach suggested by Camp 
(5). He states, “a rough estimate of 
the effect of short circuiting on re- 
moval may be had if it is assumed that 
the suspension is subjected to varying 
settling times, distributed as indicated 
by the dispersion curve.” 


Theory 

The “detention efficiency” of a basin 
is defined here as its “effective” de- 
tention divided by its “nominal” de- 
tention. Effective detention is defined 
as the time it would take in a batch 
operation (under conditions other- 
wise identical) to produce a degree 
of flocculation equal to that obtained 
in the continuous basin. Nominal de- 
tention is the time required to pass, at 
the given feed rate, a volume equal to 
the volumetric capacity of the basin. 


It is postulated that the removal 
effected in a basin will be a function 
of both basin overflow rate and de- 
gree of flocculation developed. If two 
basins are compared at identical over- 
flow rates, then the comparative re- 
movals should be governed prima- 
rily by the amount of flocculation 
which is developed. 

In order to use dye tests results 
as a measure of effective detention, a 
relationship must be established be- 
tween the range of detention times 
which characterize a basin, and the 
average or resultant degree of floccu- 
lation which would be attained in the 
blend of differently detained elements 
constituting the overflow from the 
basin. The degree of flocculation at- 
tained in any element of the flow de- 
pends not only upon detention time 
but also upon the characteristics of 
the flocculation reaction taking place. 
The results of averaging or blending 
the elements of flow having different 
detention times will depend on the 
relative effect of the different times 
on completeness of flocculation. Thus 
the nature and characteristics of the 
flocculation reaction must be known 
in order to deduce the effective de- 
tention. 

Flocculation Rate 

Camp (5) has deduced that the 
(relative) rate of flocculation should 
be directly proportional to the concen- 
tration. However, he defines the rate 
of flocculation as the number of par- 
ticles reacting (contacting) per unit 
time per unit volume divided by the 
total number of unreacted particles 
present. That is, 

dC 
a KC 
Cc 
where 
C = concentration of flocculable 
solids at time t, 
t = time, and 





K = the proportionality or rate con- 

stant. 

According to the conventions of 
physical chemistry, Equation 1 wouud 
define a second order reaction, since 

dc 
(2) 


Integrating Equation 2 yields the 

following : 

1 1 
A): = 
where C, and ¢, are, respectively, the 
time and concentration at the start of 
the flocculation reaction. 

Equation 3 has been confirmed ex- 
perimentally in the laboratory on a 
substantial number of suspensions. 
Where the suspended material is ho- 
mogeneous and flocculating in nature, 
a plot of 1/C vs. t as determined from 
batch tests is generally linear, show- 
ing that the reaction is indeed pro- 
ceeding according to the postulated 
second order. The intercept of this 
linear plot with the 1/C-axis when 
t = 0 can be taken as 1/C, with C, 
being the initial concentration of floc- 
culable material present. This C, will 
not always be identical to the mea- 
sured initial concentration of suspend- 
ed solids because there is normally a 
certain amount of relatively coarse, 
fast-settling material present in sus- 
pension which may not enter into the 
flocculation reaction. 

In Figure 1 the values of the term 
1/C —1/C, for a typical industrial 
waste have been plotted against time 
and the slope of such a curve should 
equal the rate of flocculation. 

However, the suspended solids in 
raw sewage are not homogeneous, but 
comprise three fractions; grit, floccu- 
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mining the rate of flocculation of an industrial 
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FIGURE 2.—Extrapolation plot for determining 


the concentration of non-removable suspended 
solids. 


lable solids and non-flocculable colloids 
or non-removable solids. The concen- 
tration of non-removable solids is that 
which theoretically would remain in 
suspension at t = ©. This may be de- 
termined by extrapolating a plot of C 
vs. 1/¢ to its intercept with the C-axis, 
where 1/t=0 and thus t=© (Figure 
2). The concentration of removable 
solids is the difference between total 
concentration C and C . If the remov- 
able solids then flocculate at a second 


1. 





1 
C — Ce he Ge — Co 
vs. t should be linear. Figure 3 shows 


this to be true within the limits of ex- 
perimental error. 
Detention E fficiency 

The experimental evidence is that 
flocculation, in general, proceeds as a 
second order reaction. Detention effi- 
ciency can, therefore, be developed as 
follows : 
The total dye introduced 


t= 


= DFadt. . (4) 


t= 

where 

D = dye concentration, 

F = constant flow rate, and 

t = time. 

The fraction of dyed slug of feed, f, 
arriving at overflow at time ¢ is ex- 
pressed below as: 


DFdt 
 iieceiy .— raed 


Unflocculated solids retained in ele- 
ment of overflow at time ¢ from unit 
volume of dyed feed equal 


Now from Equation 3, 

RC, 

Kt + 1/C, 
If C, is large with respect to C, the 
term 1/C, can be neglected without 
introducing serious error in determin- 
ing C. The resulting approximateion is 


C=z 


C 


After combining Equations 6 and 8, 
the unflocculated solids carried in the 
element of overflow at time ¢ per unit 
volume of feed, may be shown to equal 


The total unflocculated solids carried 
in all elements of overflow from a 
unit volume of feed then must be 


and this must equal the concentration 
of unflocculated solids in a batch oper- 
ation after the effective detention 
time. On the basis of the simplified 
Equation 8 above, this equals 


where S = effective detention time. 
Therefore, combining Equations 10 
and 11, 


0 
eg 
PE snl 


or approximately, 
t 


Expressed another way, 


x (D — }AD)at 





S= ...(14) 


=, (D — 54D) At 
x t — }At 
Equation 14 is an extremely close 
approximation of Equation 12 when 
At is small enough so that the curve 
D = ft may be considered linear over 
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In the first column of Table I list 
the elapsed time, t, at which succes- 
sive samples were taken, and in the 
third column the corresponding dye 
concentration, D. In case samples 
were taken too far apart to warrant 
treating the curve of dye concentra- 
tion vs. time as linear between adja- 
cent points, insert in the table as nec- 
essary, additional values determined 
from the plot. Values should be tab- 
ulated until the dye concentration has 
fallen to zero, or below limits of de- 
tection. Any units of time and dye 
concentration may be used. 


In the second column list the incre- 


C-C. C—c, ™ ment of time, At, between the value 


{ for determining the rate of flocculation where in question and the preceding value. 


non-removable suspended solids are present. 


the distance At. Because the effective 
detention as calculated from Equation 
14 is valid only for second order floc- 
culation reactions, and because the 
simplifying assumptions impose some 
further limitations on validity, this will 
be called the “standard detention.” 
Dividing this by the nominal detention 
yields a dentention efficiency figure 
here called the “standard” detention 
efficiency. This “standard” efficiency 
has proved to be a reasonable measure 
of the detention effectiveness of a 
clarification basin. In addition to the 
standard detention S, the average de- 
tention is also a useful figure, because 
it is a measure of the active volume of 
a basin, and hence permits determina- 
tion of any unused or stagnant vol- 
ume in the basin. The average deten- 
tion of dye is equal to 


or approximately 


= (D — 4AD)(t — $as)at 





= - - (16) 
> (D — 4AD)At 


Procedure 

The dye test yields a series of points 
showing dye concentration as a func- 
tion of elapsed time. Ordinarily this 
curve should be plotted, although if 
the points are close enough together so 
that the curve may be treated as linear 
between adjacent points, the plot is 
not absolutely necessary. The first 
step is preparation of a table using 
the general column headings shown in 
Table I. 
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In the fourth column list the incre- 
ment of dye concentration, AD, be- 
tween the value in question and the 
preceding value. Note that when the 
dye concentration is falling, AD will 
be negative. 

In the fifth column list calculated 


values of the Y-function, (D — 4AD)At. 
In the sixth column list calculated 


: Y 
values of the Z-function, @— 4an" 
— 3A!) 


In the seventh column list cal- 
culated values of the W-function, 
Y(t — 4A?). 

Pertinent relationships are as follows: 


LY 


1. Standard detention = S = FZ 


2. Average detention = $y 
Volume 
Flow 
4. Standard detention efficiency 
__ Standard detention 
“~~ Nominal detention 
5. Fraction dead volume in tank 
( Nominal detention )— 
(Average detention) 
( Nominal detention) 
Where detention is required in a 
clarification basin, the standard deten- 
tion efficiency as here calculated from 
a dye test has been found to be a 
reasonable and functional measure of 
the effectiveness of the basin. 


3. Nominal detention = 
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Table | 
Example of Standard Detention Computations 





At, time 
increment 
(min) 


t, time 
(min) 


D, dye conc. increment, 
(mg/!) (mg/1) 


AO, dye conc. 


Z-function, 
Y £ 


(t — aA)Y 


Y-function, 
(D — 4 AD)Ar 





*— aAr 





6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
30 
32 
34 
36 
38 
40 
45 
50 
55 
60 
70 
80 
90 


0.00 — 
0.01 0.01 
0.27 0.06 
0.27 0.20 
0.72 0.45 
1.03 0.31 
1,12 0.09 
1.25 0.13 
1,07 —0.18 
0.96 —0.11 
0.88 —0.08 
0.81 —0.07 
0.81 0.00 
0.80 —0.01 
0.79 —0.01 
0.78 

0.76 


0.01 
0.04 
0.17 
0.49 
0.87 
1.07 
1.18 
1.16 


0.002 
0.005 
0.020 
0.051 
0.083 
0.093 
0.094 
0.086 
0.070 
0.059 
0.052 
0.046 
0.044 


0.10 0.001 8.50 
SY = %.05 SZ=—1.2399 ZW=715.57 








n the past several years closer at- 

tention has been directed toward 
the hydraulics of sewers, and recent 
articles and investigations on flows in 
pipe have brought out data which re- 
quire thoughtful consideration (1) 
(2) (3). Although a great deal of 
data have been gathered in various 
laboratory studies, information from 
field investigations has been much 
more limited. Recognizing the gen- 
eral need for more field data on sewer 
hydraulics and to obtain current in- 
formation on the capacity of an im- 
portant trunk sewer, this investiga- 
tion was coordinated with a study on 
a master plan for trunk sewers and 
sewage treatment facilities for Kan- 
sas City, Missouri. 


Measurement in Blue River Trunk Sewer 
General 

In connection with an extensive 
sewer gaging program which was part 
of the study, a series of velocity meas- 
urements were made in a large trunk 
sewer built in 1926 and designed to 
carry both sanitary sewage and storm 
water runoff. This sewer is called the 
Blue River trunk sewer. Velocity 
measurements were made in two sepa- 
rate portions of this trunk, the first 
at St. John Street and the second at 
38th and White Streets. Figure 1 
shows the sewer section (Arch Section 
I) at St. John Street; the section 
at 38th and White Streets (Arch Sec- 
tion II) has the same general shape 
with the width also 8 ft-6 in. and the 
height 8 ft-1134 in. (6 in. less than 
for Arch Section 1). The Blue River 
trunk sewer, which was designed to 
flow full with n value of 0.0115, inter- 
cepts dry-weather flow from a popula- 
tion of over 300,000 persons within a 
net tributary area of 23,726 acres. In 
the original design and subsequent 


* Reprinted from Journal FSIWA, Vol. 
31, No. 9, by permission. 
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construction of that part of this sewer 
in which flows were measured, addi- 
tional capacity was provided to carry 
the estimated future flow from the 
Brush Creek watershed in Kansas. 
Since complete sewage collection and 
treatment facilities were provided in 
this Kansas watershed with no con- 











FIGURE 1.—Bive River trunk sewer Arch Sec- 


tion |. 


nection to the Kansas City sewer sys- 
tem, the Blue River trunk sewer, be- 
low Brush Creek, has great available 
capacity. For this reason, even when 
it is accepting maximum storm flows 
from tributary main sewers, the Blue 
River trunk sewer is only about one- 
half full in the reach considered. Be- 
cause of this condition, it was impos- 
sible to measure flows or velocities 
occurring at depths above approxi- 
mately one-half full. 


St. John Street Reach 

The sewer, which was studied in a 
reach of 947 ft, wherein the invert was 
originally constructed with a gradi- 
ent of 0,00088, was carefully inspected 
for detection of any serious structural 
flaws. The walls and invert of the 
sewer were found to be in excellent 
condition, free from cracks as well as 
from deposits or slime growths. It is 
believed that periodic storm flows, 
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carrying appreciable amounts of sand 
and grit, serve to scour the sewer often 
enough to prevent growths, The gradi- 
ent of the invert was established at 
50-ft intervals by means of a level 
circuit. As a result it was discovered 
that a short section of the sewer near 
the upper end of this reach was 0.20 
ft above the gradient. Repeated ob- 
servations indicated that although this 
condition had no measurable effect on 
depth of flow or velocities at high 
flows, at low flows a noticeable dam- 
ming effect was created. For this rea- 
son depths and velocities at low flows 
(under 2 ft of depth) were measured 
below this obstruction in a reach 797 
ft long. Depth measurements at low 
flows were made at three to five 
points throughout the reach to estab- 
lish accurately the hydraulic gradient. 
At velocities over 4 fps it was impos- 
sible to walk in the sewer for any ap- 
preciable distance and it was very dif- 
ficult to measure sewage depths di- 
rectly. In these cases the distance 
from the manhole top to the liquid 
surface was measured. As the dis- 
tance from the manhole top to the 
invert had previously been established, 
the difference was the depth of flow. 
Sewage depths for high flows were 
determined at each of the two man- 
holes which defined the 947 ft of sew- 
er ‘studied. There are no other access 
points to the sewer in this reach. 
From other depth measurements it 
was possible to determine that the 
hydraulic gradient at high flows, for 
practical purposes, was uniform be- 
tween the two manholes. 


38th and White Reach 

Velocity and depth measurements 
in this portion of the Blue River trunk 
sewer were made between two man- 
holes 359 ft apart. Original plans 
showed this sewer to have a uniform 
gradient of 0.00050. Since the sewer 
was constructed inside a rock tunnel 
it was believed that little or no signi- 
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ficant changes in the gradient had oc- 
curred. A physical inspection of the 
entire reach of sewer between the two 
manholes was not made but observa- 
tions made within the barrel for some 
distance at each manhole showed the 
concrete to be in excellent condition. 
Methods and equipment used for mak- 
ing depth and velocity measurements 
were the same as those used at St. 
John Street. 

Depth Measurements 

Depth measurements were made 
with an aluminum gaging rod having 
a cross section of 0.2 X lin. with 
one knife edge to avoid buildup of 
water on the rod. A series of check 
measurements were made which de- 
termined that the depth measurements 
were accurate to within 0.01 ft at low 
flows and 0.02 ft at high flows. These 
were made by repetition and observa- 
tion of the fluctuations of liquid sur- 
face. More accurate depth measure- 
ments probably could have been made 
by the construction of stilling wells 
alongside the mian barrel of the sew- 
er. However, neither the time nor the 
funds available for the study allowed 
their construction. The indicated er- 
rors in depth measurements are esti- 
mated to have affected the correspond- 
ing values of n+0.00003 and 0.00006 
respectively. 

Velocity Measurements 

Several methods were tried in mak- 
ing velocity measurements. Initially 
a cup-type current meter was used to 
measure velocities at 0.2 and 0.8 depth 
for depths of flow over 1 ft and at 
0.6 depth for flows under 1 ft deep, 
following the recommendations of 
Pierce (4). This method did not prove 
to be suitable for the conditions en- 
countered due to the following rea- 
sons : 

1. Because of the time required to 
make all readings, there were occa- 
sions when the depth of flow varied 
substantially within the period of 
measurements. 

2. It was found that more than five 
vertical sections would be required to 
give the necessary accuracy. 

3. Velocity measurements at very 
low depths or at very high velocities 
were difficult to make. For these rea- 
sons the use of the current meter was 
abandoned in this study. 

The use of dye for measurement of 
velocity is generally regarded as hav- 
ing only fair accuracy because of the 
difficulty in noting the end point of 
passage of the slug of dye and there- 
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FIGURE 2.—Section showing installation for conductivity measurements in sewers. 


fore was not considered in this study. 

The conductivity method of meas- 
uring velocities has been described in 
the literature for velocity measure- 
ments of both water and sewage (5) 
(6). This method was tried and 
found to be very satisfactory at flows 
ranging from 10 to more than 200 cfs. 
Velocity measurements made with this 
method are estimated to vary +5 per 
cent from the true values. Essentially, 
the method involves determination of 
the mean time of flow of a slug of salt 
solution or other electrolyte by meas- 
uring the sewage conductivity at a 
downstream point. The instruments 
and equipment used in this study and 
shown in Figure 2 are not only in- 
expensive but simple to set up and 
operate. The salt initially was pre- 
pared in solution form in a barrel and 
dumped manually into the upstream 
manhole at a given signal. The time 
error involved in the introduction of 
salt was estimated at less than one 
second. The corresponding error in 
velocity was inconsequential, being of 
the order of +0.005 fps. It was felt 
that other factors such as damming by 
joint material, variations in gradient, 


and k factor probably had an. influ- 
ence of greater magnitude. The factor 
k is a measure of the effective absolute 
uniform roughness of the interior 
walls of the conduit. The ratio of r/k, 
where 7 is the radius of a circular 
conduit, is called the effective relative 
roughness (7) (8). Further experi- 
ment revealed that it was possible to 
introduce the salt directly without 
making a solution. The salt used was 
a fine grain variety similar to table 
salt and went into solution rap- 
idly. This proved to be an advantage 
in measuring low flows in the St. John 
portion of the sewer, when the meas- 
urements were made over a distance 
of 797 ft. In these cases the salt had 
to be carried inside the sewer to the 
upstream end of this reach before in- 
troduction. 

Figure 3 indicates a typical curve 
of increased conductivity caused by 
the passage of the salt slug. The 
curves revealed very little “tailing” 
of the salt solution and showed that 
the method permitted an accurate de- 
termination of the mean time of flow. 
Results of Measurements 

Table I summarizies the measure- 


Mean Depth of Flow = 4.64 ff 
Mean Time of Flow =16/ Seconds 
Meon Velocity =5.88 fps 


Time 


FIGURE 3.—Typical conductivity curve for salt conductivity velocity measurement in Arch Section I, 
taken at 6:30 PM, Sept. 20, 1957, using 400 Ib of salt. 








Table | 


Blue River Trunk Sewer Hydraulic Data 





Length 
Test Date of 
Number* (1957) Reach 


(ft) 


Slope 


Mean 

Sewage Hydravlic Mean Q Manning's 
Depth Radius Velocity (cfs) n 
(ft) (ft) (fps) 





11/12 
11/12 
11/12 
9/11 
9/20 
8/16 


797 
797 
797 
947 
947 
357 


0.00087 
0.00087 
0.000918 
0.000909 
0.000898 
0.00050 


Salt 
Used 
(Ib) 
40 
40 
40 
300 
400 
100 


1.45 0.96 3.49 
1.52 1.0 3.64 
1.68 1.1 3.95 
3.55 1.97 5.21 
4.84 2.30 5.88 
2.37¢ 1.58 2.57 


33.2 
36.8 
45.4 
147.0 
224.8 
50.4 


0.0123 
0.0121 
0.0119 
0.0134 
0.0131 
0.0175 





* Tests 1-5 were made at St. John Street. Test 6 was made at 38th and White Streets. Each test 


was repeated at least once. 


7 0.46 ft of grit and silt on bottom; 2.83 ft from liquid surface to invert. 


ments made and gives corresponding 
values of Manning’s n, which vary 
with the depth of flow. Change 
in depth of flow in a_ conduit 
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FIGURE 4.—Variation in Manning's n with depth 
of flow. 


is accompanied by corresponding 
changes in the shape of the flow sec- 
tion and the value of the hydraulic 
radius. Variations in nm, as measured 
here, probably are influenced by the 
inability of the hydraulic radius term 
in the Manning formula to show ade- 
quately th: effect of such change in 
shape. 

Figure 4 shows Manning’s n plotted 
against depth of flow and appears to 
indicate variation of » with depth of 
flow. This variation has been report- 
ed (2) (5) (7) (9) (10) (11) (12). 

Figure 5 shows the hydraulic ele- 
ments of the section indicating the 
differences between m constant and n 
variable. 

In applying this chart or similar 


charts for circular sections it can be 
seen that for any partly-full flow con- 
dition the velocity with m variable is 
somewhat less than that calculated 
with m constant. Camp (10) indicates 
that a velocity of 2 fps is adequate for 
self-cleansing with an average munici- 
pal sewage if the sewer flows more 
than one-half full. For some wastes 
velocities below 1.5 fps might cause 
deposition of sewage solids in the con- 
duit. Once deposited it is doubtful 
whether velocities of even 2 fps would 
again bring these solids back into sus- 
pension. Deposited solids would be 
moved along the sewer invert by the 
tractive force of the water; however, 
they would have a much lower velocity 
than that for solids carried in suspen- 
sion. In long sewers this would re- 
sult in decomposition of solids, creat- 
ing septic conditions with accompany- 
ing hydrogen sulfide problems. Septic 
sewage is difficult to treat and the 


Ratio 
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presence of hydrogen sulfide can re- 
sult in deterioration of concrete both 
in sewers and in other structures, 

Most of the hydraulic elements 
graphs in common use have been pre- 
pared on the assumption that the fric- 
tion coefficient » does not change with 
the depth of flow in the conduit. For 
certain critical design conditions this 
assumption could result in velocities 
so low that deposition problems might 
follow. 

Data from Test No. 6, shown in 
Table I, are of considerable interest. 
This test showed that under existing 
conditions in this combined sewer de- 
posits of grit were found on the invert. 
In this test over 5 in. of grit, gravel, 
and sewage solids covered the invert 
and had a marked effect on the value 
of n found. This bottom material was 
so heavy that it remained on the in- 
vert even with a mean velocity of 2.6 
fps in the sewage above it. Manning’s 
n for this section of the trunk sewer 
was found to be 0.01745 whereas in 
the St. John Street section the max- 
imum value of m measured was 0.0134. 
No deposits were found in the St. 
John Street section of sewer during 
the period in which the measurements 
were made. It is apparent that bottom 
deposits can be of significant impor- 
tance in their effect on Manning’s n 
and on the corresponding capacity 
and velocity in the conduit. 


Other Investigations and Data 

There are numerous reports on rec- 
ord of determinations of m for a vari- 
ety of sewer sizes and materials. Of 


to of 


FIGURE 5.—Hydraulic elements of sewer with Arch Section |. 
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these determinations, some have been 
made under field conditions on con- 
duits carrying sewage, while others 
have been in the laboratory with very 
carefully laid conduits carrying water. 
Both sources have yielded data of im- 
portance but probably the most ap- 
plicable information has been obtained 
from a careful correlation of selected 
data from both areas of endeavor. 
Some investigators believe that the ri- 
gorously controlled conditions re- 
quired for accurate laboratory work 
can rarely, if ever, be duplicated in 
practice. Others claim that the wide 
variety of field conditions which affect 
flow in conduits make it very difficult 
- to obtain accurate results. Both views 
have merit but thoughtful blending 
of pertinent data should provide the 
most useful fund of knowledge on the 
subject. Data from a few of these 
studies are given here. 


Killam (13) measured velocities in 
a new 60-in. concrete sewer using 
dyes and surface floats and concluded 
that » should be not lower than 0.014. 
Weller (14), using a current meter to 
measure velocities in several brick 
sewers, found » values which ranged 
from 0.0133 (77-in. sewer) to 0.0103 
(70-in. sewer). In a 21-in. vitrified 
clay sewer, he determined n to be 
0.0156. Johnson (5) used dyes and 
the conductivity method to measure n 
in several large concrete sewers hav- 
ing egg- and basket-shaped sections 
and found m to vary from 0.0135 to 
0.0144. Cosens (15) measured m in 
two 8-in. sewers, one of asbestos- 
cement and the other of vitrified clay 
pipe. He stated a belief that after sev- 
eral years of use the sewers would 
tend to become coated with slime or 
grease and the coefficient of rough- 
ness of such sewers would actually 
measure the effect of such coatings. 
From this he felt that regardless of 
the structural material the value of n 
would tend to aproach the same figure 
for any given slope, depth of flow, 
and pipe diameter. He stated that the 
coefficient for design should be 0.012 
or 0.013. 


Additional investigations should be 
made to measure » under the actual 
conditions which exist in both sani- 
tary and combined sewers. Sewers 
are seldom installed under ideal con- 
ditions. There are a number of reasons 
for this. Some of the disturbance fac- 
tors which influence the loss of head 
and therefore the values of n are given 
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(taken from data of Nikuradse (17). 


in the recent sewer design manual (9) 
and repeated here: 

1. Rough, opened, or offset joints. 

2. Poor alignment and grade due to 
settlement or lateral soil movement. 

3. Deposits in sewers. 

4. Coatings of grease or other mat- 
ter on interior of sewer. 

5. Eddying and deposits of solids 
caused by enlargements at manholes 
and junction chambers. 

6. Tree roots, joint compounds, 
mortar dams from careless jointing, 
and other protrusions. 

7. Flow from laterals, disrupting 
flow calculations (In combined sew- 
ers, laterals and connections to the 
main sewer all discharge simultane- 
ously during rainfall). 

In sewers containing much curva- 





Table Il 
Suggested Values of n for Manning's 
Formula in Sewers 





n 
Min* Max 


0.012 


Conduit 





Asbestos-cement 

Corrugated steel, uncoated, 
Ya-in. corrugations 

Corrugated steel, asphalt 
coated and 25-per cent 


0.024 


paved 0.021 
Corrugated steel, smooth 

asphaltic lining 
Cement-lined cast iron pipe 
Dirty or tuberculated cast 

iron pipe 
Concrete pipe 
Vitrified clay pipe 

* Values for clear water. 


0.012 
0.012 


0.015 
0.012 
0.012 





th and artificially roughened pipes 


ture m is said to increase on curves by 
an amount of about 0.003 to 0,005 
(16). Suggested values of Manning’s 
n are given in Table II. 


Basic Hydraulics 


The experimental work on artifi- 
cially roughened pipe done by Niku- 
radse (17) has become a standard 
reference in many technical presen- 
tations of hydraulic hypotheses on 
conduits flowing full. Figure 6 from 
his data shows the friction factor f 
plotted against the Reynolds number. 
The diagram shows three general re- 
gimes of flow in terms of Reynolds 
numbers ; laminar, up to 2,000; partly 
turbulent from 2,000 to about 4,000; 
and turbulent above 4,000. The type 
of roughness studied by Nikuradse 
was made homogeneous whereas the 
irregularities on the walls of commer- 
cial pipe are non-uniform in character. 
Studies on flows in such commercial 
pipe have produced data not entirely 
in conformance with Nikuradse’s 
curves (1) (3). Mathematical for- 
mulas have been developed for the 
Darcy-Weisbach friction coefficient f 
expressed in terms of the Reynolds 
number and the effective relative r/k, 
where r is the radius of a circular 
conduit and & is the effective absolute 
roughness coefficient. These formulas 
vary according to the three regimes of 
flow. The Nikuradse formula for tur- 
bulent flow is 





Fe 1.74 + 2log (7)... 


and does not contain the Reynolds 
number. Rouse (8 (18) has shown 
that the Manning formula 


_ 1.486 
n 


V p2ltgi/2 


does not have.the accuracy of Equa- 
tion 1, especially when dealing with 
conduits having values which fall at 
either end of the range commonly 
used. This may be the reason for the 
results obtained in certain investiga- 
tions of m. Straub and Morris (1) in 
studying commercial concrete pipe re- 
ported an increase in » with an in- 
crease in conduit size. (In current 
design practice the value of m is re- 
duced when the conduit size is in- 
creased and the same pipe material 
used.) Moreover, they reported that 
there appeared to be a functional de- 
pendence of the friction factor on both 
the Reynolds number and the relative 
roughness r/k, implying that the flow 
regime is transitional between partial 
and full turbulence. In addition they 
found k to increase with the Reynolds 
number for a given pipe and to in- 
crease with the size of pipe. However, 
they concluded that the mathematical 
equations of Nikuradse were inade- 
quate to describe the conditions found 
in their investigation, nor was the fac- 
tor k satisfactory as a representative 
length parameter for flow in the pipes 
studied. 

These recent studies indicate an un- 
certainty as to exactly how Manning’s 
nm varies with conduit size, and also 
imply that sewage flow in conduits 
may not always lie in the fully turbu- 
lent range. On the other hand, the 
traditional empirical pipe design for- 
mulas do not include the Reynolds 
number and thereby implicity assume 
fully turbulent conditions. These dif- 
ferences point toward a need for fur- 


ther investigation along these lines. 


Conclusions 

1. Variations in Manning’s » occur 
with changes in depth of flow in sew- 
ers. For certain sewer designs such 
variations can be important. 

2. A number of conditions brought 
about during construction of a sewer 
or which can occur afterwards, can 
change the value of » from that used 
in the design of the sewer. 

3. Bottom deposits or other condi- 
tions which greatly alter the invert 
surface of the sewer probably cause a 
greater variation in m than that caused 
by changes in depth of flow. 

4. Past laboratory experimental 
work on Manning’s nm has been valu- 
able but there is need for much more 
work to determine the value of n un- 
der actual field conditions. Thought- 
ful combination of data from both 
sources should prove useful in future 
design work. 

5. Further investigations should be 
made to: (a) remove the uncertainty 
as to how Manning’s m varies with 
conduit size, if k is assumed constant; 
(b) examine the suitability of the 
parameter k for the various flow con- 
ditions experienced in the field; and 
(c) determine more exactly the re- 
gimes of flow encountered by sewage 
flow in conduits. 

6. The method described here to 
measure mean velocity is regarded as 
simple, accurate, inexpensive and, in 
certain cases, far easier to use than 
more conventional procedures. 
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Specific Conductance of Water 


Chief, Branch Public Health Laboratories, Los Angeles, 


@ THE MEASUREMENT of specific 
conductance is an integral part of wa- 
ter analysis and provides the chemist 
with data from which much valuable 
information may be obtained. For ex- 
ample, when the specific conductance 
is multiplied by an appropriate factor, 
an approximate value of the dissolved 
residue is obtained. Also, specific con- 
ductance is related to the sum of the 
anions and cations present. Such a 
relationship has been used in checking 
the results of analyses™). Another 
important application of specific con- 
ductance is its use in estimating the 
size of aliquot for chemical examina- 
tion. 

Specific conductance is reported in 
micromhos per centimeter at 25°C. 
It is a function of the temperature of 
the sample and varies about 2 per cent 

per degree centigrade. Standard 
Methods for the Examination of Wa- 
ter, Sewage and Industrial Wastes? 
gives a procedure for obtaining 
specific conductance when the tem- 
perature of measurement is not exact- 
ly 25°C but in the range from 20° 
to 30°C. This is done by measuring 
the resistance of the sample and the 
standard potassium chloride at the 
same temperature. 

This paper presents a procedure 
which eliminates the necessity of tem- 
perature adjustment, or the need to 
measure the resistance of the standard 
potassium chloride prior to the meas- 
urement of specific conductance each 
time a sample is processed. An equa- 
tion is developed from this procedure 
which gives the specific conductance 
of the sample in micromhos per cm. 
at 25°C when the resistance is meas- 
ured at a temperature other than 





TABLE | 
Relation of + to Kt 


Ke 


2.34 
2.25 
2.05 
1.97 
1.89 











W.&S.W.—REFERENCE NUMBER—1960 


by REMO NAVONE 


25°C. Such an equation is useful 
when making field or laboratory 
measurements of specific conductance. 
The steps involved in this proce- 
dure are as follows: (a) by means of 
conductivity bridge and cell the resist- 
ance of 0.010 N KCI solution is care- 
fully measured at various 
tures such as 18°C, 20°C, 25°C, 
28°C and 30°C, and (b) a “cell fac- 
tor” is calculated for these tempera- 
tures as follows: 


(1) 


Where *t = “cell factor” at temperature t 


Bt = resistance of 0.010 N KCl 
measured in ohms at temperature t. 


Bs = resistance of 0.010 N KCl 
solution at 25°C in ohms. (3) 


Table 1 shows the values of *t thus 
obtained. 


When the data of Table 1 are plotted, 
a straight line is obtained. The slope 
of this line is: 
Ktige — Ktgye 
teoe — tise 


For any temperature between 18 and 
30°C the value of K; is: 


Ktise — Etaoe 
seater (cam —) (2) 
teoc— tase 


Thus to obtain the specific conduc- 
tance of a water sample in micromhos 
per cm at 25°C when the resistance 
in ohms of the sample is measured at 
any temperature t (between 18° and 
30°C) equation 2 becomes : 


Ktise — Etaos 
8.C.es° =*tiuse —| (t — 18) ————__—- } X_ 10°((8) 
teoe — tise 





Rt 


specific conductance of 

sample in micromhos per 

em at 25°C 

Bt = resistance of sample in 
ohms at temperature t 

t = temperature in degrees 


Where S.C.s° = 


centigrade 
Using data from Table 1, equation 2 be- 
comes : 


2.34 — 1.89 
%=2.34 — (:- 18) od 


30 — 18 


which reduces to 
Kt = .0375 (80.4 — t) 

equation 3 then becomes 

.0375 (80.4 — t) 

x 108 
Rt 
or 
37,500 (80.4 — t) 
Rt 








(4) 


Table 2 shows the specific con- 
ductance values obtained using equa- 
tion 4 compared with specific con- 
ductance values measured at 25°C. 
All values are in micromhos per cm. 
The average deviation of the values 
calculated by equation 4 shown in 
Table 2 is 0.9%. 

Since the constant of a conductivity 
cell is different for each cell, an equa- 
tion similar to equation 4 must be de- 
rived for each cell used. 
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TABLE 2 
Comparison of Results 


ees conductance at 25° 
Iculated by equation 4 
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392 
398 
383 
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OXIGRITTER 


A new Eimco-Process development, the Oxigritter 
system, combines pre-aeration, grit removal and 
clarification in a single unit. Raw sewage enters an 
inner compartment where aeration is utilized to aid 
in the release of adhering organics from grit par- 
ticles. Washed grit settles to the tank bottom and is 
scraped to a grit pocket for disposal. Separations at 
65 to 200 mesh sand particles can be made. Settled 
sludge in the outer compartment is scraped to a 
sludge pocket for subsequent treatment. Clarified 
—— into a peripheral launder. Bulletin 


AEROBIC DIG ESTION PLANTS For low-cost treatment of small sewage flows, Eimco- 
Process furnishes two types of complete treatment 
Aerobic Digestion plants requiring a minimum in- 
vestment in equipment. Both types achieve 85 to 95 
per cent suspended solids and BOD reductions in 
approximately 24 hours aeration and 4 hours set- 
tling time. Influent solids are oxidized by the con- 
tinued recirculation and reaeration of raw sewage 
and highly concentrated return sludge. No primary 
settling tank and no separate tanks for digestion, 
clarification or storage are required. 


TYPE ADR — for flows 1,000 to 15,000 GPD. 
Rectangular steel tank design. 8 sizes. 


TYPE ADC — for flows 15,000 to 300,000 GPD. 
Circular tank units. 14 sizes. 


Write for Aerobic Digestion Bulletin SM-1010. 


CLARI-THICKENER 


An Ejimco-Process development that consists of a 
clarifier with a central compartment for holding 
deposited sludge for 12 to 24 hours under a protec- 
tive oxidative layer to control septicity. The oxida; 
tive liquid can be chlorinated or aerated effluent, 
return sludge or effluent from secondary sedimenta- 
tion units or any water containing dissolved oxygen. 
Sludge in thickening compartment is stirred, gently, 
for the release of additional water. “Thixo” arm 
construction. Clari-Thickener units eliminate the 
need for separate thickening tanks. Bulletin 
SM-1018. 


CLEANABLE Zz ™ ona 4 “64 
SIGHT TS ge NON-CLOG | 


| MIXERS 


For visual observation of sludge or Minimum ery te requirements Provide an even distribution of 


liquor inside a pipe. Fits any L for maintaining homogeneity of set- finely divided air bubbles with free- 
section of 4 or 6-in. pipe. Pyrex tled slurries. tating arms move dom from common clogging. Fits 
glass section is water-tight and air nozzles through slurry for agita- standard pipe sizes from 11% to 4- 
carries no load. Wiper rod cleans tion. For tanks up to 130-ft. in inch. Applicable for any aeration 
glass on inside. Bulletin SM-1002. diameter. Bulletin SM-1004. requirements. Bulletin SM-1002. 








Eimco-Process Grit Separators combine continuous me- 
chanical grit removal with thorough grit washing in a 
single compact unit. Grit is collected in a shallow square 
tank and moved outward to the washing compartment by 
a rotating — mechanism. The spiral screw washer is 
built with a double pitch for thorough washing and rapid 
dewatering. Two-deck spirals are furnished when the grit 
must be moved long distances vertically or horizontally 
Write for Bulletin SM-1007. 


The Oxidator® treatment unit, introduced and developed 
by Ejimco-Process, combines aeration, flocculation and 
sedimentation in a single tank. Oxidators provide gentle 
or intense aeration, adjustable sludge recirculation rates 
and controlled sludge thickening. Aeration keeps influent 
fresh and, combined with controlled sludge recirculation, 
increases floccule size, minimizes scum formation, and 
results in increased suspended solids and BOD removals. 
An annular trough permits obtaining a concentrated sludge. 
Write for Bulletin SM-1005. 


Three basic types of Eimco-Process Clarifier mechanisms 
cover all tank sizes and load requirements. Beam sup- 
ported, center column or traction types all operate on the 
common principle of moving settled solids to the tank 
center for removal. Driveheads are designed for minimum 
power consumption. Heavy-duty gears result in low main- 
tenance. All ee types are available with large diameter 
feedwells, an Eimco-Process design innovation that in- 
creases removals. Bulletin SM-1005. 


— “7° flight type sludge collectors are built by Eimco- 

Process for all sizes of rectangular sedimentation basins. 
Types for light, normal and heavy-duty service are of cor- 
rosion resistant construction with Promal chain and clear 
heart redwood flights. Drive units are helical gear reduc- 
tion type with overload protection and sturdy Eimco- 
Process “cone cap” babbitted bearings. Auxiliary equip- 
ment includes cross collectors, rotating scum troughs, 
skimmers, weirs, launders. 


Standard and High Rate Rotary Distributors for all bed 
sizes are built by Eimco-Process to provide desired flow 
ratios with minimum head. Pipe arms are recommended 
for small flows; rectangular fabricated steel arms for large 
flows. Influent column diameters 8 to 60-in. A unique 
radial weir center assembly and compartmented arm con- 
struction makes it possible to handle widely varying flows 
with minimum head losses. A center assembly without 
internal flow control also available. Bulletin SM-1011. 


OXIDATOR»® 


CLARIFIERS 











ee ee = ~ : 
FLOTATION SYSTEMS > 


‘ 
> 


Continuous 


Belt For the treatment of raw sewage and 
Drum industrial wastes by the release of dis- 
solved air into the stream. Extremely 
fine air bubbles attach to suspended 
FILTERS matter and accelerate its rise to the sur- 
face. Fine solids that tend to stay in 
suspension are floated. Bulletin SM-1003 

and SM-1008. 


The perfection of the EimcoBelt continuous belt filter represents a most REACTOR-CLARIFIERS 


important advance in equipment for sludge filtration. The EimcoBelt is 
the first continuous vacuum filter capable of maintaining a metallic, cloth 
or synthetic fabric medium in a constantly unblinded condition, even 
handling the most difficult sewage sludges. 


The medium is removed from the drum every filter cycle for cake dis- 
charge and cleaning. Wash sprays scour the filter medium front and 
back before the medium is returned to the drum. Fall-off in filtration 
rate, caused by progressive blinding, is eliminated. 


EimcoBelt filter’s freedom from blinding, fast cycle speeds and con- cults ar ae i. cee 
stant high vacuum levels of 22 to 24-in. Hg. result in greatly improved the pre-treatment of sewage for sec- 
operations. Savings in chemical reagents amount to thousands of dollars ondary treatment of sewage with chemi- 
a year in many sewage plants using EimcoBelt filters. Additional sav- cal coagulants for the treatment of 
ings result from reduced downtime and maintenance. Rate increases of os 


as much as 100% have been made with EimcoBelt filters, as compared for re-use Standard a ple 
with conventional filters. 


pecial types. Sizes to 200-ft. diameters. 
Write for EimcoBelt Filter Bulletin F-2053. Bulletin SM-1006. 
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Two 11% ft. diameter 
by 12 ft. EimcoBelt fil- 
ters dewatering raw pri- 
mary sludge in sewage 
plant. EimcoBelt filters 
have made many re- 


ss pon earn pa Two types of Digester Mixers are built 


: : by Eimco-Process — a conventional unit 
cenye: theenemay Poy for single-stage digesters, and a larger 
ype 8 ge. unit in sizes 3 to 15 hp for recirculation 
capacity up to 15,000 GPM. Bearings 
designed for heavy thrust loads induced 
by recirculation of large amounts of 
thick scum. 
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Other equipment: Automatic Variable Level Skimmers : Air Diffusers Research and development 
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Flow Resistance in Pipes and Fittings 


by DONALD R. F. HARLEMAN 


Assoc. Prof. of Hydraulics, Massachusetts Institute of Technology, Cambridge, Mass. 


Introduction 


@ A RATIONAL APPROACH to the 
analysis of fluid flow must begin with 
a definite characterization of the flow 
under consideration. Such character- 
ization must include a description of 
the boundaries confining the fluid, 
and the possible variation of fluid 
properties and fluid velocities. By im- 
plication the title of the article re- 
stricts the discussion to flows which 
are entirely confined by solid bound- 
aries thus excluding free surface or 
open channel problems. With regard 
to variation of fluid properties, the 
discussion will be concerned with in- 
compressible fluids in which the fluid 
density and specific weight is a con- 
stant and in which the viscosity de- 
pends only on the fluid temperature. 
In respect to velocity variations, four 
possible types of flow exist, namely : 


\ 


FIG | FLOW BETWEEN two sections 
in a uniform pipe 


unsteady-non uniform, unsteady-uni- 
form, steady-non uniform and steady- 
uniform. The terms, steady and un- 
steady, refer to the possibility that at 
a fixed point the velocity may vary 
with time. Hence in a steady flow the 
velocity at a given point is constant. 
The terms uniform and non-uniform 
refer to a possible variation in veloc- 
ity between two points in the flow. 
Between any two sections of a con- 
duit of constant cross-section, the 
flow with respect to the mean velocity 
is regarded as uniform. Likewise the 
flow between two points separated by 
a valve is said to be non-uniform. In 
practice water distribution systems 
are almost invariably in a state of 
unsteadiness due to variation of de- 
mand with time. However, it is usual 
to base designs on certain peak flows 
which are regarded as being steady. 
This article will be concerned only 
with steady flows both uniform and 
non-uniform. In summary the discus- 
sion will treat the steady flow of an 
incompressible fluid in an enclosed 
system. 


Resistance in Uniform Pipes 


The Mechanism of Fluid Resistance 
The case of flow in a pipe line of 

constant cross-sectional area will be 

treated initially. Consider, as in Fig 


1 the flow between sections 1 and 2; 
at each section the area, mean veloc- 
ity and fluid density will be desig- 
nated by A, V, p respectively. The 
product of area and mean velocity is a 
discharge, Q=AV, having the di- 
mensions of volume of fluid flowing 
per unit time or cubic feet per sec- 
ond. Density, p, is a measure of the 
mass of fluid per unit volume, hence 
the product pAV or pQ expresses 
the total mass of fluid flowing past 
a certain section in one second, (i.e. 
mass per second. The law of conser- 
vation of mass must hold between any 
two sections in a continuous flow. 
This is simply a statement of the fact 
that mass is neither created nor de- 
stroyed between the sections under 
consideration. With respect to Fig 1 
this means that the mass of fluid 
crossing section 1 in one second 
equals the mass of fluid crossing sec- 
tion 2 in one second, thus we have 
the equation of continuity : 
pr Ay V: = ps As Vs 

Since we are dealing with the flow 
of an incompressible fluid in a con- 
stant area conduit it follows that 
pipe and A;=Ag and therefore we 
have proved that, from equation [1], 
V:i=Vs2. This shows that irregardless 
of the resistance which the fluid en- 
counters in a pipe, the mean velocity 
cannot change unless the area chang- 
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FIG 2 FORCES ACTING on the fluid between two cuts in a uniform pipe 


es. Therefore the flow shown in Fig 
1 is uniform. 

The second law which the fluid 
must obey corresponds to the state- 
ment that the total force exerted on 
a moving body is equal to the prod- 
uct of the mass of the body and its 
acceleration. Since, in Fig 1, the ve- 
locity is constant both in time and 
along the pipe, the acceleration of the 
fluid is zero. The second law there- 
fore reduces to the simple statement 
that the total force exerted on the 
fluid between sections 1 and 2 must 
equal zero. Fig 2 shows a pipe which 
has been cut at sections 1 and 2, it 
will be assumed that leakage is pre- 
vented by flexible rubber gaskets at 
these sections. It is now possible to 
imagine the forces acting on the fluid 
contained in the shaded portion be- 
tween the cuts: 

1. The mean pressures at the 
cross-sections 1 and 2 are p: 
and p2 and the corresponding 
forces exerted on the fluid by 
these pressures are p;A and poA. 

. The fluid contained within the 
shaded portion has a total 
weight W and the component 
of the weight in the direction of 

Ze—Z; 
flow is WSo where So= 
L 


(Note that the component WS» 
becomes zero when the pipe is 
horizontal and Z2=Z;). 

. The moving fluid exerts a fric- 
tional resistance force upon the 
stationary wall of the pipe which 
would tend to move the cut por- 
tion to the right thereby stretch- 
ing the gasket at section 1. In 
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order to return the pipe to its 
original position it would be 
necessary to apply an equal and 
opposite force F directed to the 
left as shown in Fig 2. 

The total force exerted on the fluid 
is obtained by adding the three con- 
tributions described above, taking 
positive forces in the direction of flow 
and observing that the total force 
must be zero: 

pA — pA — WS.—-F=0 

If the weight of fluid per unit 
volume is y, the total weight of the 
fluid in thesection is, 

W = yAL 
since the product AL represents the 
volume of the fluid. 
Therefore equation [2] becomes, 
mA — mA — yALS. = F 
and if each term is divided by the 
product yA, 


pi pe F 

as aay oer EN toe 

i vA 

Zo—Z, 

but since Sp=- we have, 


Ly 
pr pa 
———-—-2,4+244=— 
ete vA 
For uniform flow in a pipe of 
diameter D, “head loss” shown in 
Fig 3 is defined as the change in the 
sum of the pressure and elevation 
heads between two sections a dis- 
tance L apart, thus: 


pi p2 
(—+ Z:) — (—+ Zs) =head loss = ht 
7 7 


By comparing equations [3] and 
[4] it is easily seen that, 
F 


h. = —- 


vA 
or since A=rD?/4, 


4b 
h.= 
yrD* 

In fluid mechanics it is customary 
to express the frictional drag force 
F in terms of a dimensionless re- 
sistance coefficient cy, the fluid den- 
sity p, mean velocity V, and the area 
over which the frictional force is ap- 
plied: 

pV? 
F= ie (Area) 


since the area over which the friction- 
al force is applied is the perimeter of 
the circle times its length, 


~_ = rDL 
7V" 

F = ct p— #DL = ce — rDL 
2 2g 


; Y : 
since p==— where g is the accelera- 


£ 
tion of gravity, g=32.2 ft/sec.? Equa- 
tion [5] can then be written, 


yV* «DL 
ht = 4 ce — =4ce—— 
2g yrD* D 2g 
for convenience, in pipes, the re- 


sistance coefficient f—4 c, and 


g 
Equation [7] is known as the Darcy- 
Weisbach equation and is applicable 
to the flow of any incompressible 
liquid in a circular pipe. There is no 
question about the validity of the 
equation and its use in determining 
the head loss in actual problems de- 
pends only on a knowledge of how 
the resistance coefficient, f, depends 
on the flow characteristics and the 
condition of the pipe wall. In turbu- 
lent flow, which is the only kind en- 
countered in water supply practice, 
this relation cannot be found theo- 
retically and recourse must be made 
to experimental results. 


Experiments on Pipe Resistance 

The collection of experimental data 
on the flow of liquids in pipes has 
a long history. Perhaps one of the 
earliest systematic sets of observa- 
tions was by Darcy (1857). There 
involved 22 conduits of wrought iron 
lead, cast iron, asphalted iron and 
glass, varying in diameter from about 
¥Y% inch to 18 inches and in various 
states of deterioration. Worthy of 
mention also are the pipe resistance 
experiments of John R. Freeman in 
the late 19th Century. 

The modern understanding of pipe 
resistance began about 1930 with the 
Prandtl-Karman theory which was 
supported by the experiments of 





Nikuradse, Colebrook and White. 

Qualitatively, the conclusions of 
the experiments in turbulent flow 
may be summarized as follows: 

1, The head loss varies directly as 
the length of the pipe L. This 
conclusion is expressed exactly 
by equation [7], hence f must be 
independent of L. 

. The head loss varies almost as 
the square of the velocity. Since 
the velocity appears as the 
square in equation [7], the fric- 
tion factor f must change slight- 
ly with the velocity of flow. 

. The head loss varies almost in- 
versely as the pipe diameter. 
The diameter appears in the de- 
nominator as the first power, 
hence, the friction factor must 
also change slightly with pipe 
diameter. 

. The head loss depends on the 
surface roughness of the interior 
pipe wall. The friction factor 
must therefore vary in some 
fashion with a measure of the 
mean roughness height, « (FT.) 

. The head loss depends on the 
fluid viscosity v (FT?/sec). 

. The head loss is independent of 
the absolute pressure in the 
pipe; f is therefore independent 
of p. 

Due to conclusion 2, 3, 4 and 5 the 
friction factor cannot be a constant 
for a given pipe, but must depend on 
the magnitudes of V, D, «, v. From 
equation [7] it is noted that f is a 
dimensionless number and therefore 
it must depend on certain combina- 
tions of V. D. «, » which can be 
grouped together into dimensionless 
numbers. 

It is fairly simple to show that if 
V is measured in feet per second, D 
in feet and viscosity vy in square feet 
per second the combination VD/v is a 
dimensionless number called the Rey- 
nolds Number. Likewise, since both 
D and ¢ are measured in feet the com- 
bination «/D is the other dimension- 
less number called the relative rough- 
ness. 


General Pipe Resistance Diagram 


On the basis of a large number of 
experiments on resistance in commer- 
cial pipes Moody (1944) has ob- 
tained a series of curves on a single 
diagram which describe the relation 
between the friction factor, the rela- 
tive roughness and the Reynolds 
number for all fluids and all pipes. 


FIG 3 DEFINITION SKETCH for head loss in a uniform pipe 


This diagram is reproduced as Fig. 4 
and contains values of the friction 
factor along the left margin, the Rey- 
nolds number along the bottom and 
the values of </D corresponding to 
the heavy curves along the right 
margin. For water at 60°F the vis- 
cosity is a constant and the Reynolds 
number scale at the bottom may be 
replaced by an auxiliary scale at the 
top for the product of velocity in 
feet per second and pipe diameter in 
inches. Values of the mean roughness 
length « in feet are given for typical 
new pipe materials in the table at the 
lower left of the diagram. 





Example: 

It is desired to find the head loss in 
1000 ft of new 6 in. cast iron pipe 
(«=.00085 ft.) for a flow of 1000 
gpm of water. 


w(.5)* 
Area = 


= .196 FT* 


1000 
Discharge Q = 1000 gpm or —— 
449 


= 2.23 cfs 
since 1 cfs = 449 gpm 


2.23 
Velocity=Q/A———_-=11.4 ft/sec. 
196 


hence, (velocity ) x Dia. (inches) 
(11.4) (6)=68 


The 


; € 
relative roughness is — 


0.00085 
a=" OOT7 
0.5 


Using the top scale for VD=—68 
and interpolating between .002 and 
.001 on the family of «/D curves for 
0017 the value of f=.023 is read on 
the left hand scale. 

The head loss is 

1000 (11.4)? 


h.=-f——= (. aa 


D 2g 0.5 





One of the most interesting fea- 
tures of the pipe resistance problem is 
shown by the fact that a given pipe 
becomes “hydraulically smoother” as 
the flow rate is decreased. Converse- 
ly it becomes “hydraulically rougher” 
as the flow rate is decreased. Con- 
versely it becomes “hydraulically 
rougher” as the flow rate is increased. 
This is shown in Fig 4 if, for exam- 
ple, a pipe having a relative rough- 
ness ¢/D = .001 is considered. If the 
heavy curve for «/D = .001 is fol- 
lowed for decreased flow rates it is 
seen to merge with the smooth pipe 
curve for very low rates of flow. At 
a flow rate corresponding to (VD*") 
= 200 the flow is completely indepen- 
ent of the Reynolds number and the 
friction factor is constant for all fur- 
ther increases in the discharge. The 
explanation lies in the fact that at low 
rates of flow a luminar (non-turbu- 
lent) film of fluid exists at the wall of 
the pipe. If this laminar layer is of 
sufficient thickness to cover the small 
roughness projections, the pipe has 
a friction factor the same as that of 
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,VALUES OF (VD") FOR WATER AT 60°F (VELOCITY IN Set X 


RIVETED STEEL 
CONCRETE 

WOOD STAVE 

CAST IRON 
GALVANIZED IRON 
ASPHALTED CAST IRON 
COMMERCIAL STEEL OR 
WROUGHT IRON 


10° 


1o* 


REYNOLDS NUMBER R=¥D (vngk ,Owet, V wee) 


FIG. 4 GENERAL RESISTANCE Diagram for uniform pipes 
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REYNOLDS NUMBER R=YD. (VEE Omrr, VINEE) 


FIG 5 COMPARISON OF WILLIAM-HAZEN "C" and Friction Factor "f” 


a smooth pipe. As the flow rate and 
therefore the Reynolds number in- 
creases, the flow becomes more com- 
pletely turbulent and the thickness 
of the film decreases. The roughness 
projections protrude through the 
laminar film, and each projection 
causes additional turbulence which in- 
creases the head loss. For the zone in 
Fig 4 marked “complete turbulence, 
rough pipes,” the film thickness is 
negligible compared with the height 
of the roughness protrusions. Vis- 
costity has no effect on the head loss 
in this zone, as evidenced by the fact 
that the friction factor does not 
change with Reynolds number. In 
this zone the head loss varies exactly 
with the square of the velocity. In 
the smooth pipe range («/D = 0) the 
friction factor varies with the 1.75 
power of the velocity. For a given 
pipe in the transition between hy- 
draulically smooth and rough flow 
the exponent of the velocity therefore 
varies between 1.75 and 2.0. 


Comparison with Williams-Hazen 
Formula 


The Williams- Hazen formula was 
obtained by plotting the results of re- 


sistance tests for water in pipes of 
various diameters and materials in 
logarithmic coordinates. The formula 
was first presented about 1914 and 
it is not at all surprising that the com- 
plexity of the resistance, as discussed 
above, was not understood. The form- 
ula which was obtained by taking the 
best straight line “fit” of the data is, 
V =1318 Cr *™ (ht/L) *™ 
where r is the hydraulic radius and 
is equal to D/4 for a circular pipe. 
Solving for the head loss, hr, 
. 3LV*** 
at 


pe C*D*" 

From equation [9] it is seen that 
the head loss always varies with the 
velocity to the 1.85 power. It is ap- 
parent, therefore, that the Williams- 
Hazen formula should give good re- 
sults in the transition range between 
smooth pipe (V7) and completely 
rough pipe flow (V*). This is to be 
expected since the vast majority of 
the data used is obtained the formu- 
la corresponded to flow conditions in 
this transition range. The danger in- 
herent in extending the Williams- 
Hazen formula into the high Rey- 
nolds number range of large diam- 
eters and flows is also apparent. 


& 


28 


RELATIVE ROUGHNESS 


pibtip a tar 


.000,01 
= 5000 


5-000,05, 5 200.005 


The relation between the friction 
factor f and the Williams-Hazen C 
can be obtained by equating [7] and 
[9], solving for f and using the nu- 
merical value of the viscosity of water 
at 60°F, thus: 

1080 
{= 
, 

The differences to be expected by 
using C rather than «/D as a measure 
of the pipe roughness are shown in 
Fig 5. This is the same plot of the 
general resistance diagram (Fig 4) 
with superimposed curves showing 
the values of f which would be ob- 
tained by use of the Williams-Hazen 
coefficient in equation [10]. Curves 
for C = 150, 130 and 100 are shown 
in Fig 5. From this it is seen that a 
coefficient C = 150 corresponds to a 
smooth pipe only if the product of 
velocity (fps) and diameter (inches) 
is greater than VD"! = 20. For an 
extreme case of a one-inch pipe with 
a velocity of one foot per second 
(VD™ = 1) the highest possible C 
which could be obtained for a smooth 
pipe would be C = 133. 

For a pipe with C = 100 and the 
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FIG 6 DIAGRAM FOR the graphical solution of the William and Hazen Formula 
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product VD" = 15 the correspond- 
ing value of «/D is .01 ft. Under these 
conditions both Williams-Hazen and 
the friction factor equation give iden- 
tical results. On the other hand of 
the velocity in the same pipe is in- 
creased by a factor of 10 so that 
VD" = 150 the value of C would 
have to equal 82 in order to agree 
with the head loss computed from the 
friction factor method. It is therefore 
hopeless to expect that tests on a 
single water main under a wide vari- 
ation of flow can yield a constant 
value of C. It is however reasonable 
to expect that such tests would yield 
a constant value of the relative rough- 
ness ¢/D. 

In summary, it is entirely proper 
to use the Williams-Hazen equation 
for computation of head loss for the 
normal pipe sizes and velocities en- 
countered in water supply practice. 
Unfortunately it is not possible to 
easily specify definite limits of ap- 
plicability. It is probably safe to say 
that for pipe sizes up to 18” no large 
discrepancies would be expected. For 
larger pipes in the range of complete- 
ly turbulent flow the Williams-Hazen 
formula will give head losses which 
are too small. 


Table 1 gives the recommended 
values of the Williams-Hazen coef- 
ficients for various conduits. In view 
of the above discussion the C values 
generally published for pipes in ex- 
cess of 18” have been omitted from 
this tabulation. A general nomograph 
for solution of the Williams-Hazen 
equation is given in Fig 6. 


Absolute Roughness Values for 
Large Pipes 


The discussion of head loss in pipes 
would be incomplete without a more 
definite specification of the values of 
the absolute roughness « to be used 
with the friction factor equation. The 
tabulation of « values for clean new 
pipe given in Fig 4 is by no means 
adequate for use in cases of large 
pipes. This is evidenced by the rather 
wide range in « listed for riveted 
steel, concrete and wood stave pipe. 

Probably the most complete com- 
pilation of data on values of the ab- 
solute roughness for large pipes has 
been presented by the Bureau of 
Reclamation “), Fig 7 through 11 
provide a detailed description of sur- 
face condition and the corresponding 
values of « for concrete steel, riveted- 
steel and wood stave pipe. 


RUGOSITY VALUES FOR 
CONCRETE PIPE 
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New or fairly new — Smooth concrete 


workmanship. 
surfoce — Smooth joints. 








RUGOSITY OF PIPE SURFACE € IN FEET 


Steel forms —First cless 
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New — Unusually smooth concrete 
workmanship 


RUGOSITY OF PIPE SURFACE IN MM 

















NOTE: FOR PRECAST PIPE 


SMOOTH JOINTS —NO CORRECTION 
AVERAGE JOINTS — INCREASE K BY 0.003 TO 0.005 
MISALINED JOWITS — INCREASE K BY 0.006 TO 0.009 


FIG 7 RUGOSITY VALVES for Concrete Pipe 


Comparison with Manning's Equation 

The use of the Manning equation 
for head loss calculations in large 
pipes is quite common. Here again, 
as in the case of the Williams-Hazen 
equation, its use is justified provided 
that it is done so within its range 
of applicability. For circular pipes, 
the Manning equation is as follows. 


v= besa! re (ys 
n L 
where n is the Manning roughness 
factor and r = D/4. 
Solving for the head loss, 


n’*LV’ 
hu = (Const.) - 


D* 


Hence for a given pipe the head 


RUGOSITY VALUES FOR 
STEEL PIPE 


Severe tuberculation 
ond incrustotion 


Genero! tuberculation — 
-3 mm 


Heovy dDrush cooft 
Asphoits, enomels 
ond tors 


Hot asphalt dipped 


RUGOSITY OF PIPE SURFACE € IN FEET 
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Centrifugolly 
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CONTINUOUS 


INTERIOR 


BUTT WELDED. 


FIG 8 RUGOSITY VALVES for Steel Pipe (Welded) 
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RUGOSITY VALUES FOR range of complete turbulence in Fig 
STEEL PIPE 
Seuss tubecnsietion Moody) has obtained some in- 
aan tkeees: formation on the comparable values 
of absolute roughness « and the Man- 
General tuberculotion Doubie riveted ning, n 
2 < = Manning n 
0105 .011 .012 .013 .014 .015 .016 
Abs. Roughness « 
2 Rows longitudinal rivets = 2 .00015 .0005 .002 .005 .011 .02 .03 

It is significant that a 7 percent 
change in the Manning n from .013 to 
.014 corresponds to more than a hun- 
dred percent change in the absolute 
roughness e (.005 to .011). 

In summary, it is concluded that 
both the Williams-Hazen and Man- 
ning formulations have their place 
in head loss determinations. The dif- 
ficulty arises in ensuring that they 
are used only within their range of 
validity. Neither C nor n can be ac- 
cepted as an absolute measure of 
boundary roughness. In this respect 
the friction factor formulation using 
the absolute roughness has a definite 
advantage. The advantages of the old- 
FULLY RIVETED er empirical formulations are mainly 


OINTS 6 TO BF RT iti iliari i 
JOINTS § TO 8 FEET APART. tradition and familiarity with values 


FIG 9:RUGOSITY VALVES for Steel Pipe (Girth Riveted) of C and n which occur frequently in 
practice. It is to be hoped that a grad- 


loss varies with the square of the is known to be incorrect and it is con- al acceptance of the more rational 

velocity for the entire range of flows. cluded that n is a constant describing concepts of frictional resistance will 

From the foregoing discussions this the boundary roughness only in the lead to more widespread use of the 

: friction factor approach in the water 

RUGOSITY VALUES FOR supply field. As yet no generally ac- 

site wes Deas cepted direct mechanical method ex- 

ists for the measurement of any 

Severe tuberculation . “ 

ene taniastebien roughness value, however, it has 

been shown that the absolute rough- 
ness ¢ is a much more sensitive meas- 
ure than any other currently in use. 


Triple riveted 


3 Rows longitudinal rivets 


Fairly smooth ——— 
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| Row longitudinal rivets 
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tuberculation 
§o mm 


Heovy brush coot 
Rusted Asphaits and tors 


Head Loss in Fittings 


The total head loss for steady flow 
in a piping system must be treated 
in two parts: 

1. Losses due to frictional resist- 
ance in regions of uniform flow, 
and 

. Losses due to resistances devel- 
oped in regions of non-uniform 
flow which occur because of 
various — 


ABLE | 
Table of C Values Cast Iron Pipe 
Diameter Age in Years 
Inches 0 5 10 20 
130 118 107 89 
maiiess 130 119 109 93 
GIRTH RIVETED aba 130 120 Il 


JOINTS 16 TO 30 FEET APART. 
LONGITUDINAL SEAMS WELDED 130 120 112 98 


FIG 10 RUGOSITY VALVES for Steel Pipe (Fully Riveted) 130 120 113 100 
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RUGOSITY OF PIPE SURFACE € IN FEET 
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Riveted Steel Pipe ‘ 
Light riveted steel pipe— 
Avg. C for any age = 10 year C.L.P. 
Heavy riveted steel pipe— 
Avg. C for any age = 20 vear C.I.P. 
Welded Steel Pipe 
Equivalent to 5 yr. or older C.I.P. 
Wood Stave Pipe 
Best C 145 
Probable Average C 120 
Worst C =i 
Concrete Pipes and Pressure Tunnels 
Metal Forms 
Best workmanship— Cc = 150 
Probable workmanship—C = 140 
Worst workmanship— C = 120 
Wood Form—Monolithic 
Best workmanship— Cc 130 
Probable workmanship—C 120 
Worst workmanship— C 90 
If Slimed 
20 points below Best 
15 points below Average 
10 points below Worst 


In addition to the values in Table 1 the 
following values of the friction coefficient 
have been published by the National Tube 
Co. 

These values of the coefficient “C” are 
to be used in the Hazen-Williams formula 
for computing the loss of head due to 
friction in new well-laid pipe: 





Coefficient 


Wrought Steel .... 140 
Small Brass and Copper ........-......-------- 130 
Cast Iron . ieietihieil 130 
Be Nt INA Se 
pe AR eR ae ae ey 
et a RR ET 
NNO FT ccd elatldh incinsiccnttiietsinty COU 
Dee SOs iii EE 


Kind of Pipe 














If, for example, a long pipe line of 
constant diameter contains one or 
more fittings (valves, elbows, etc.), 
the total head loss is usually obtained 
by adding the loss due to separate fit- 
tings to the frictional head loss for 
the entire length of pipe. If, on the 
other hand, the pipe line contains 
various diameters of pipe separated 
by fittings (contractions, expansions, 
etc.), the frictional head loss for 
each length of constant diameter pipe 
must be calculated separately and the 
head loss for each fitting added to 
the total. 

All losses due to fittings occur be- 
cause regions of non-uniform flow 
are created. The general pattern is 
that of an increase in the velocity fol- 
lowed by a decrease in the velocity. A 
decrease in the fluid velocity almost 
invariably results in the separation 
of the fluid stream from the solid 
boundaries unless a very long, grad- 
ual expansion is provided. Between 
the solid boundaries and the high 
velocity stream a zone of turbulent 
eddies are formed which results in 
the rapid conversion of kinetic energy 


RUGOSITY VALUES FOR 
WOOD STAVE PIPE 
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ay Used 
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New 


First class construction 





0.00001 





0.003 


FIG 11 RUGOSITY VALVES for Wood Stave Pipe 


into heat—hence head loss. In gener- 
al the larger the zone of eddy forma- 
tion the larger the head loss. Venturi 
meters differ from orifice meters 
mainly in the provision of a long 
conical diffuser which eliminates the 
eddy zone downstream of the orifice 
plate and results in a large saving in 
total head. 

The separation pattern and the 
definition of the head loss for a typ- 
ical fitting is shown in Fig 12. The 
head loss for separating flows which 
occur in pipe fittings is essentially in- 
dependent of the Reynolds number 
and is defined by a constant K, which 
depends on the geometric shape of the 


fitting, times the velocity head for 
the uniform pipe V?/2g. When fit- 
tings connect pipes of different diam- 
eter (hence different velocities) the 
velocity head in the smaller pipe is 
always used: 
y? 
ht = K — 
2g 
Approximate values of the loss co- 
efficient for various pipe transitions 
are given in Table 2. 
The bend and elbow losses in Table 
2 are for standard small size commer- 
cial pipe fittings. A more precise 
treatment of the head loss in bends 
and elbows of various radii must con- 
sider that the over-all loss is com- 
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FIG 12 DEFINITION SKETCH for Head Loss through a typical pipe fitting 


posed of the following : 

1. An equivalent straight pipe fric- 
tion loss. This is accounted for 
by including the length of the 
bend in the total pipe length for 
the calculation of frictional head 


loss. 


2. A true bend loss, unaffected by 
Reynolds number or relative 
roughness, due to the spiral flow 
which is set up by the bend. 

. An additional loss varying with 
both Reynolds number and rel- 
ative roughness and consequent- 





TABLE Il 
Head Loss in Fittings 


y2 


Values of K for h, = K— 


Type of Fitting 
Abrupt Contractions 
F D2 


me 


D, 


—el 








2g 


{inlet from reservoir) 


D; : 
Ds 


{outlet into reservoir) 


90° Bends (radius of bend = r) 
r/D K 
1.0 0.40 
1.5 0.32 
2.0 0.27 
3.0 0.22 
40 0.20 
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ly with the pipe friction factor 
f (f = 4c~ equation [7]) 
Pigott) gives the folowing values 
of K for 90° bend losses, excluding 
the pipe friction; i.e. the loss due to 
2 and 3 above: 
Cast fittings: 
D = pipe diameter 
r = radius of bend 


D 
K = 0.16 (—-)** f- 44 fs 
r 
(for r/D less than 1) 
D 
K = 0.16 (—)* + 44 f* 
r 


(for r/D greater than 1) 
Steel pipe and Nonferrous pipe : 


D 1.5 J D 
K = 0.16 (—)* + 988f © ¥ — 
r r 


r 
(for — greater than 1) 


(not a for r/D less than 1) 

Information on the head loss due to 
flow through various metering de- 
vices has been collected by Spink“). 
The head loss for orifice meters, flow 
nozzles, short and long cone Venturi 
meters and Dall tubes are given in 
Ref 4, page 22-25. 

The losses through various special- 
ized fittings such as check valves vary 
widely depending on the internal 
geometry. In important: installations 
the manufacturers should be con- 
sulted for detailed information. 
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Miscellaneous Fittings 


K 

Valves: Globe valve (fully open) 10.0 
Angle valve (fully open) 5.0 

Swing check valve (fully open) 2.5 

Gate valve (fully open) 0.2 

34, open 1.1 

Vz open 5.6 

V4 open 24.0 

Close return bend 2.2 
Standard Tee 1.8 
Standard 90° elbow 09 
Standard 45° elbow 0.4 





Flow and Depth in Channels or Conduits, 


Circular and Trapezoidal 


Circular Conduits 


IG 1, “Flow in Circular Channels,” in- 

troduces an extremely useful solution of 
Manning’s Formula in terms of Q, n, sg, 
diameter and depth. 


The designer may enter this chart with 
any of these variables and study the prob- 
lem. It is no longer necessary to compute 
the full capacity first, as is currently the 
practice, and later use the proportional 
chart or tables to compute fractional flows. 


The simplicity of the nomograph is due 
to the calculation by the writer of a factor 
which will be called the Circular Depth 
Factor. The equation shown on the chart 
was obtained by substituting the elements 
of a circular section in Manning’s Formula 
and mathematically eliminating the terms 
area and hydraulic radius. Calculation of 
the numerical value of the last term of 
the equation (in brackets), the Circular 
Depth Factor for definite ratios of h/D 
from 0.10 to 1.00 produced a table of 
values which were graduated on the scale 
(4), the position of each being indicated 
by its h/D ratio. 

Students of hydraulics will recognize the 
significance of the upper range of this h/D 
scale, which folds back on itself. The 
value 0.90 has no practical use and was 
included purely to complete the scale. It 
shows graphically that the flow is prac- 
tically the same at 0.80 and 1.00. 


Some Uses for the Nomograph 


To extend the range of n, a scale of n 
values was placed near the bottom of the 
Q scale, 0.013 being placed opposite 1 cfs. 
It takes only a few moments to copy one 
cycle of the Q scale on the edge of a sheet 
of paper. This may then be placed on any 
cycle and moved up or down in accord- 
ance with the directions shown on the 
chart. 


As the exceptionally large range of the 
variables includes most of the field of cir- 
cular channels, only a few of the important 
uses for the nomograph will be noted. 

The free-board in semi-circular flumes 
can be determined for any capacity within 
the size of the flume. 

Prefiling of hydraulic gradients is 
greatly facilitated. 

Storage capacities above given flows can 
be quickly determined. 


Discharge, Area and Velocity in 
Partially Filled Circular Conduits 


Fig. 2, “Discharge, Area and Velocity 
in Partially Filled Circular Sections”, 
solves the two formulas, Q=AV and 
A=xD*, A being common to both. 

Velocity for problems in which Fig. 1 
is used can be quickly determined by using 
the same values of Q, and h/D. A 
scale for Velocity Head is placed on one 
side of the velocity scale (5). In this 
case it is not necessary to note the area, 


by PAUL McH. ALBERT 


Drury, McNamee, and Porter, Engrs., Ann Arbor, Mich. 


but merely use that line (3) as the pivot 
line. 

The formula Q=AV can be used for 
sections that are not circular in shape— 
square or trapezoidal for instance. 

The formula A=xD* may be also used 
to find the volume of horizontal circular 
cylinders for various depths. 

Separately, the two charts offer com- 
pletely independent equations, but, together, 
they solve Manning’s Formula for all th 
fundamenti al variables encountered in cir- 
cular sections. These are (Q, n, s, D, h/D, 
A, V) and Velocity Hen 1. 


Solution of a Typical Problem 


The solution of a typical problem is car- 
ried through both charts. To find the 
depth of ~— and velocity when n=0.013, 
Q=30 cfs, D=60 inches and s=1.6 ft. per 
1,000 (0.16 ven cent). 


On Fig. 1, find h/D to be 0.372. Then 
depth of flow (L)=0.372 x 60=22.3 inches. 

On Fig. 2, using the same Q, D and 
h/D=0.372, find the velocity to be 4.5 feet 
per second. 


Trapezoidal Channels 


Fig. 3 is for solving flow problems in 
trapezoidal channe!s. In Fig. 3, two very 
useful charts have been combined. On the 
left is the nomographic solution of the 
equation obtained from Manning’s For- 
mula. On the right is the logarithmic 
chart of d/b ratios for eight different 
shapes of channel, varying from vertical 
sides to a 4:1 slope. The two charts have 
a common line, the Base Line, which is 
graduated for values of the d/b ratio of 
vertical sides or rectangular sections. 


Two straight lines intersecting at the 
Pivot Line complete the nomographic solu- 
tion. Tne point on the Base Line thus ob- 
tained is then transferred horizontally to 
that scale of d/b ratios for the desired 
slope. 


Sample Problem Solved 


A sample solution is indicated on the 
chart. Here 36 cfs. is connected with 0.1 
ft. per 1000 ft. and 7 ft. bottom width (b) 
with a point on the Base Line. 

Notice that the graduation on the Base 
Line reads 0.76. The depth of flow (d), 
then, for a rectangular section 7 ft. wide 
would be 0.76x 7.0 or 5.32 ft. deep. Now 
follow the dotted line over to the scale 
headed 1:1 and find there the value of d/b 
to be 0.5 or d equal to 3.5 ft. for a channel 
with side slopes of 1:1. 

The d/b ratio for any other side slope 
can be as easily determined, or if the depth 
ratio in one given shape of channel is 
known, the depth ratio for any other given 
shape can be found immediately. The bot- 
tom width and the fow do not change un- 


less the point on the Base Line is moved 
vertically. All values must be moved back 
and forth to the Base Line horizontally. 
The curved lines connect the major 
divisions of the various scales and are 
used solely to assist the eye in finding the 
divisions. 


Construction of the Graph 


Inasmuch as 0.025 is a common value of 
n used with earth channels, it was used for 
the construction of the nomograph. Other 
values of n may be used by shifting the Q 
scale up or down until the desired value of 
n is opposite 1.0 cfs. A convenient method 
of accomplishing this is to copy a cycle or 
two of the Q scale, in the ranges of your 
problem, on the edge of a sheet of paper 
and mark the position of 1.0 cfs. Then by 
placing the 1.0 cfs. mark against the de- 
sired value of n, the Q scale has been 
shifted and the copied scale will give the 
values of Q for the new value of n. 


The sample equation solved on the 
nomograph was obtained from Manning’s 
Formula in the following manner. Q/A 
was substituted for V and then A/p for 
t (p being the wetted perimeter). Then A 
and p were expressed in dimensional 
terms, namely: b, the bottom width; d/b, 
the ratio of the depth of flow to the bot- 
tom width; and the angle # formed by the 
side slope and the horizontal. By trans- 
posing and combining like terms the equa- 
tion was formed as shown on the chart. 

The last term in the equation, in paren- 
theses, is the factor used in constructing 
the scales for the side slopes. The numer- 
ical values of the factor were used to locate 
the position of the graduations of the ratio 
d/b but only the d/b ratios are given in the 
chart. 


Comments 


All the primary dimensional variables 
which are needed for a solution are con- 
tained in the chart. Any one, two, or more 
of them may not be known and often only 
Q is known and others must be assumed 
to arrive at a satisfactory answer. It mat- 
ters but little which are the given values. 
Other values may be immediately assumed 
and the answer obtained in but a moment. 

All other variables, as velocity, area of 
section, hydraulic radius, etc., can be cal- 
culated, if necessary or desired, for all the 
physical dimensions are known. 

Most of the ordinary problems can be 
solved with the chart inasmuch as the 
ranges of the variables include a 1 ft. 
wide rectangular channel flowing but a 
few inches deep to a 20 ft. wide channel 
flowing 40 ft. deep. 

The problems involved are those where 
uniform flow conditions will be satisfied. 
For conditions where other than uniform 
flow is encountered, other methods of an- 
alysis must be used. 
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FLOW OF WATER IN CONCRETE PIPE LINES 


Pipe lines flow full Manning’s n = .013 
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L Example: A 24-in. concrete pipe flowing full discharges 8.0 cu.ft. 
| per sec. Find the friction slope for Manning’s »=.013, and the 
average velocity. . . . Draw a straight line through Q=8.0 cu.ft. 
per sec. and D=24 in. This line intersects the other two scales at 
L os S=0.0013 and V=2.55 ft. per sec. 











A chart constructed by Dr. F. T. Mavis, head Dept. of Civil Engineering, Penna. State College and appearing with 
the chapter Flow of Water In Pipe Lines” by Professor J. E. Christiansen, University of California, written for “Con- 
crete Pipe Lines,” published by the American Concrete Pipe Association, 1942. 
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This table is taken from “Hydraulic Data,” published by Gould’s Pumps, Inc. 
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Courtesy of J. R. Griffith, U. S. Navy, and Western Construction News 
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Loss of Head Chart in Feet, Per 1000 Ft. 


Velocity in Feet per Second 
Friction Coefficient. 
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Smith-Blair Products- Engineered for Permanence and 


R-425 


Efficiency for Every Pipe 0.D. Requirement 


Full-Circle Clamp Couplings 


Smith-Blair’s exclusive recessed armor 
insures a uniform gasket thickness and 
an even distribution of pressure when 
the clamp is tightened. Ribs between 
the small grids of the gasket concentrate 
band pressure and provide individual 
dams which make a more effective seal 
on rough pipe and give greater sealing 
pressure per pound of bolt torque. Made 
in lengths and sizes to repair holes, 
splits, full breaks, etc. in all sizes and 
classes of asbestos-cement, cast iron, 
steel, concrete, concrete cylinder, drive 
joint, and wood pipe. Write for Smith- 
Blair Bulletin No. 224. 


Taper-Seal Service Saddles 


Taper-seal gaskets and wrap-around body 
construction sets the Smith-Blair Ser- 
vice Saddle in a class by itself. The 
wedge-shaped gasket provides built-in 
pressure compensation. The 180° wrap- 
around body design insures pipe support 
at four points to equalize strap tension 
all around the pipe. It is the only truly 
ENGINEERED Service Saddle as it works 
both with the pressure in the pipe and 
the pipe iteelf. Single-, double-, and 
triple-strap saddles available for pipe 
sizes through 20-inch nominal in ductile 
iron or bronze. Write for Smith-Blair 
Bulletin No. 228. 


Redi-Clamps/Sta-Grid Gaskets 


A leak clamp of the snap-on design to 
efficiently and quickly repair pin holes, 
cracks, splits, etc. in steel pipe. Sta-Grid 
gaskets, having gridded neoprene vul- 
canized to 26-gauge stainless steel, give 
inventory savings. These gaskets are 
1%-inch and 3-inch by 18 inches long 
and are used by simply applying 3-inch 
Redi-Clamps as needed over the length 
of Sta-Grid Gasket required to cover the 
repaired section. Standard sizes through 
8-inch Std. Write for bulletin. 


Compression Couplings 


Wedge-type gaskets and malleable iron 
end nuts and sleeves are features of the 
Smith-Blair Compression Coupling 
which has many applications for con- 
necting plain end steel pipe through 2- 
inch étandard. Long and short sleeve 
lengths are available for pipe sizes of 
4, %, 1, 1%, 1%, and 2-inch pipe, and 
gaskets can be furnished in plain or 
armor protected neoprene. Write for 
Bulletin No. 232. 


Cast Couplings 


Smith-Blair Cast Couplings provide long 
life connections for cast-iron or asbestos- 
cement pipe. In addition to straight cast 
couplings for most classes of pipe sizes 
through 24-inch nominal, transition cast 
couplings which permit variations of ap- 
proximately %-inch in O.D. are also 
available through 24inch nominal. Re- 
ducing cast couplings are made to con - 
nect pipe varying from approximately 
%-inch to 2-inch in O.D. through 12- 
inch nominal. Cut-in Cast Couplings and 
Insulating Cast Couplings are available. 
Write for Bulletin No. 216. 


=> 


Steel Couplings 


Smith-Blair steel couplings include 
straight short and long-sleeve designs, 
transition sizes through 14-inch nominal, 
and special fabricated reducing coup- 
lings that provide a reducing coupling 
for virtually any combination of pipe 
sizes. Straight steel couplings are avail- 
able from ‘4-inch through 24-inch in 
standard designs and 30-inch through 
any required diameter on request. Write 
for Bulletin No. 230. 


Flanged Coupling Adapters 


Smith-Biair Flanged Coupling Adapters 
provide a direct flexible connection from 
flanged fit:ings to plain end pipe. The 
space required for a coupling, and two 
nipples is saved. Valves and meters can 
be easily removed and replaced at any 
time. Installation time is reduced. 
Flanged Coupling Adapters are available 
for going from flanged fittings to all 
sizes and classes of plaia end cast iron, 
asbestos-cement, or steel pipe. Write 
for Bulletin No. 231. 


Other Smith-Blair products including service repair saddles, expansion joints, meter couplings, pipe 
end caps, large diameter pipe saddles, and special repair clamps and couplings are available for virtually 
every water and sewerage pipe line O.D. requirement. Smith-Blair products are stocked by leading 
water works suppliers in all principal cities; and Smith-Blair branch offices and warehouses which are 
located at 711 Main Street, Henderson, Texas; 5635 E. Imperial Highway, South Gate, Calif. and; W 
Newton Rd., Greensburg, Pa. 





Smith-Blair, inc., 535 Railroad Ave., South San Francisco, Calif. 


Tapping Saddles; Sleeves 


Smith-Blair Tapping Saddles and Split 
Tapping Sleeves are of fabricated steel 
construction and are made for all sizes, 
types and classes of pipe—steel, cast- 
iron, asbestos-cement, concrete cylinder, 
etc. Flanged, threaded, or we!d-on tape 
can be provided. Flanges can be fur- 
nished with recess to match tapping 
valve if specified. A wide variety of de- 
signs, including the plate reinforced, 
strap-type design with O-ring seal, and 
many others are available. These are 
fully described in Bulletin No. 232. 
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Darby, Pa. 


Courtesy of Roberts Filter Mfg. Co., 
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Chart for Capacity of 60° and 90° 
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V-Notch Weirs 
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Courtesy of Roberts Filter Mfg. Co., Darby, Pa. 
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Nomograph for Equivalent Lengths of Pipe 


Structural Engineer, Donald E. Stearn 


@ In THE analysis of water main 
network, the most commonly used 
method for determining the flow dis- 
tribution is the Hardy Cross method 
which is based on the Hazen-Wil- 
liams formula: 
V=CR*s*"0,001"" 

where V = velocity of flow in fps, R = 
hydraulic radius in f, S = slope of pipe, C 
= coefficient of friction. 

This formula may also be written as fol- 
lows : 

Q' 8S a, 
pee C- 
where L = actual length of pipe in ft, h = 
friction head in ft = SeL, D = diameter 
of pipe in ft = 4R, Q = flow in gpm 


h' = — — 


(1) 


Equivalent Length 
To simplify equation [1], one may intro- 


duce an equivalent length which is defined 
by 


100 67 
EL=L “— (——)** (2) 


(1) EL=1030 # 


by ANNABEL TONG 


Substituting equation [2] into equation [1], 
the friction head becomes 


EL x Q'* 
119 x 10° 


EL represents the equivalent length 
of pipe in an ideal water network 
where the C value throughout the 
entire system is 100 and the diameter 
of every pipeline is 8 in. The im- 
portant aspect of the equivalent length 
is that it expresses the combined ef- 
fect of length L, diameter D and the 
C value, of the pipe. Any combina- 
tion of L, D and C which produces 
a given equivalent length, will have 
the same hydraulic effect on the net- 
work in question as any other com- 
bination of L, D and C values which 
produces the same value of equivalent 
length. 


(2) EL=6150 # 





(8 in-1450 ft-120) 


(10) EL—=3370 ft 


(7) EL=120 ft 


(6 in-1000 ft-80) 


(6 in-550 ft-80) 
(10 in-900 ft-100) 


(8) EL=570 ft 





(12 in-1200 #t-120) 


(9) EL=1310 ft 


(6) EL==18600 ft 








(10 in-1100 #t-80) 


5800 ft 


(8 in-870 ft-80) 
(4 in-200 ft-100) 


(4) EL 


(5) EL=7700 ft 








(4 in-900 ft-120) 


(6 in-1250 f#-80) 


FIG. 1. ILLUSTRATIVE pipe grid with possible values for D, L. and C. 
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P.E., Civil and Sanitary Engineers, Cazenovia, N.Y. 


Network Analysis 

To analyze a water network sys- 
tem by Hardy Cross method, one 
assumes a trial value of the flow Q 
in each line then uses the equivalent 
length instead of the actual length of 
the pipelines to calculate the head 
loss h of each line with equation [3] 
rather than [1]. Corrections are then 
applied to the assumed Q and the 
process is repeated until the hydrau- 
lic pressure in every loop of the sys- 
tem is balanced. In comparing equa- 
tion [3] with equation [1] it is seen 
than a large portion of the tedious 
computations is eliminated especially 
since a procedure of cut and trial is 
employed in this case. 

The nomograph shown in Fig 2 
will solve equation [2] for pipeline 
lengths ranging from 50 ft to 10,000 
ft. The scale for equivalent length or 
true length L on this chart can be 
read to an accuracy within 5 percent 
except for the higher values near the 
end of the scale. For practical pur- 
poses this degree of accuracy is suf- 
ficient to be in line with the accuracy 
required for general water network 
analysis. Fig 1 illustrates a water 
network consisting of four loops and 
twelve pipe lines, having values of 
diameter D, length L and friction 
coefficient C as indicated in the se- 
quence D-L-C alongside each line. 
From the nomograph the equivalent 
length of line (1) is determined by 
running a straight line A across L = 
1450 ft and D = 8 in. which inter- 
sects the pivot axis at 0. Another 
line B is then drawn from 0 to C = 
120 intersecting the equivalent length 
scale at 1030 ft. The equivalent 
lengths for other lines shown in Fig 
1 are determined by the same pro- 
cedure. In case line A intersects the 
pivot axis beyond the limit of the 
chart, the actual length of this line 
may be divided into several sections 
so that the problem can be worked 
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out in the central region of the chart. alent length for the full length of line PER 
For example, line (6) in Fig 1 has (6) is therefore 6200x3 = 18,600 ft, Water Distribution System Based On The 


: . - Theory Developed By Professor Hardy 
L = 900 ft and D = 4 in. Using Fig Cross, T. F. O’Connor, 1943 Proceedings, 
2, one finds the equivalent length for References Maryland-Delaware Water and Sewage 


, : ‘ Association. 
4 in.-300 ft-120 is 6200 ft. The equiv- 1. A Rapid Method of Analyzing Flow in 
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Calculation of Areas, Volumes, Surfaces 


Reduced to Simple Terms 


Mensuration is arithmetic applied to geometry in determining 
the length of lines, the area oi suriaces, and the volume of solids 
or bodies. 


Definitions of geometrical terms, figures and principles. A 
point (.) has position only. A line ( ) has length only. 
Area has length and breadth. A solid has length, breadth and 
thickness. Parallel means extended in the same’,direction, and 
equidistant at all points. Horizontal means parallel with water 
level; vertical or perpendicular, parallel with plumb line; diag- 
onal, obliquely across a polygon. (Fig. 4.) Equilateral means, 
having equal sides. Quadrilateral, having four sides. An angle 
(Fig. 1) is formed by two straight lines diverging from a com- 
mont point called the vertex. A right angle (Fig. 2) is formed 
by two straight lines meeting perpendicularly. An oblique angle 
is either (acute—Fig. 1) smaller, or (obtuse—Fig. 3) greater 
than a right angle. 


Zt \., 


A plane or plane figure has area or surface only—perfectly 
even 


A polygon is a plane figure having three or more equal sides. 
A triangle is a plane figure bounded by three straight lines. 


An equilateral triangle (Fig. 6) has all of its (3) sides equal. 
An isosceles triangle (Fig. 7) has two of its sides equal. 
scalene triangle (Fig. 5) has none of its sides equal. The base 
is the side on which a geometrical figure is supposed to Stand. 
The least distance between the base and the opposite angle dotted 
line (Fig. 7) or between parallel lines (Fig. 8) is called the 
perpendicular or altitude. 


To find the area of a triangle. Rule—Multiply base by the 
altitude and take half of the product. Or, when the three sides 


are given. From 


half of the sum of 
| 
j 
Fig. 5. 





Fig. 4. Rectangle. Paralle) Lines. 


the three sides, 
subtract each side 
separately; then 
multiply the half 
sum and the three 
remainders to- ; ; 
gether and extract the square root. Find sq. ft. in a triangle, 
base 8 ft., altitude 9 ft. 


Answer—(8 X 9) + 2= 36. 
A parallelogram is a plane figure, bounded by four straight 


lines, whose opposite sides are equal, as a rectangle, a square, and 
a rhomboid. 





Fig. 6. Fig. 7. 


A rectangle is a right angled parallelogram. A square is an 
equilateral rectangle. A rhomboid is an oblique angled varal- 
lelogram. 


To find the area of a parallelogram. Rule—Multiply the length 
by the width. 

















Fig. 8. Rboemboid. Trapezium. 


Trapezoid. 


How many sq. ft. in a rectangle 17 by 24? 
Answer—17 X 24= 408 sq. ft. 
In a (square) floor 10 by 10? 
Answer—10 X 10= 100 sq. ft. 
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Note—Dividing the area of a rectangle by one side gives the 
other side—if unknown. 


A_trapezoid is a quadrilateral having two of its sides parallel. 
To find its area. Rule—Multiply its average length by the width. 


How many sq. yd. in a garden whose parallel sides are 60 and 
80 yd., and width 52 yd.? 


Answer—(60 + 80 + 2)=70; then, 70 X 52 = 3,640 sq. yd. 
A trapezoid is a quadrilateral having two of its sides parallel. 


To find its area. Rule—Form two triangles by a diagonal line, 


then multiply diagonal by sum of perpendiculars and take half 
of product. 


_ Find sq. rods in field shaped like a trapezium, whose diagonal 
is 90 rods, and perpendiculars (25 and 40) 65 rd. 


Answer—90X 65 = 5850 + 2= 2925 rd. 


_ A rightangled triangle has one right angle. Its longest side 
is called hypotenuse, and the other two, base and perpendicular 
or altitude. To find its area. Rule— 
Multiply the base by the perpendicular 
and take half of the product. 
How many square rods in a triangular 
field whose base is 70 rods and the per- 
pendicular, 48 rods? 
Answer — (70 X 48) + 2 = 1680 square 
rods. 
Properties of the rightangled triangle. 
The square of the hypotenuse equals the 
sum of the squares of the base and the per- 
pendicular. From this principle — illus- 


trated by Fig. 10—we derive the following 
rules. 


To find the hypotenuse. Rule—Add the 
square of the base and the square of the 
perpendicular, and of the sum extract 


square root. Fig. 20. 


A and B start from the same point, A going 4 [ 
miles due west and B, 3 miles due north; how 
far apart are they then? 


Answer—5 miles. 


The square of 4 (base)=16; of 3 (perpendicular)=9; the 
square root of their sum (25)=5, the hypotenuse. 

To find the base or perpendicular. Rule—From the square of 
the hypotenuse, subtract the square of the other given side, and 
of their difference extract the square root. 

Find the perpendicular of a triangular ds |G = 30 


whose hypotenuse is 75 rods, base 60 rods.{ 60° 3600 
Answer—45 rods. Vv 2025= 45 


Note—To find the difference between the squares of two num- 
bers, simply multiply their sum by their difference. 


_ To find the side of a square equal in area to any given quan- 
tity. Rule—Extract the square root of the given quantity. 


Thus, the dimensions of a square field containing 4000 square 
rods must be (V4000—63.246) 63% rods, nearly. Proof: 
634° = + 

To find the diagonal of a square. Rule—Multiply one side of 


the square by 10. diminish the product by 1% of itself and divide 
remainder by 7. 


What is the diagonal of a field 35 rods 
square? 
This is a simple way of finding the hypote- 


nuse of a triangle whose base and perpen- 
diculars are equal. 


35X 10 = 350, 
1% of 350= 3.5 


7) 346.5 
Ans. (rd.) 49.5 


The Circle 


A circle is a plane figure bounded by a curved line, (1, 1, 1, 1) 
called circumference, every point of which is equally distant from 





the center. The diameter is a straight line (2, 2) across a circle, 
through its center. The radius is a straight line (3) from the 
center to the circumference. An arc is any 
part of the circumference (5, 5). A chord, 
a straight line (4) joining ends of an arc. 
A tangent (6) touches circum. without cut- 
ting it. A segment is space (C) enclosed by 
arc and chord. A sector, space (B) enclosed 
by two radii and arc. A quadrant (A) is 
90° or the fourth part of circle. A circle is 
divided into 360°; from X to Y is 45°; from 1 
X to Z, 90°. A sextant is one-sixth of a 
circle. , 

To find the circumference of a circle, the Blemente of the Circle, 
diameter being given. Rule—Multiply the diameter by 3 1/7; 
for greater accuracy, by 3.1416. 





Find circumference of bicycle wheel; diam. 28 in. 


Answer—28 X 3 1/7 = 88 in. 


To find the diameter of a circle, the circumference being given. 
Rule—Divide the circumference by 31/7, or multiply it by .3183. 


Circumference of a tree 144% in., find diam. 
Answer—144.5 X 3183 = 46 in. 


To find the area of a circle. Rule—Multiply the square of the 
diameter by .7854; or the square of the radius by 3.1416; or 
the square of the circumference by .07958. 


Find the area of a piston 20 in. in diam. 
Answer—20? X .7854 = 314.16 sq. in. 


Over how many sq. ft. can a cow graze, staked to a rope 50 
ft. long? Here, 50 feet is the radius. 


Answer—50° X 3.1416 = 7854 sq. ft. 


To find the radius of a circle, the area being given. Rule— 
Multiply the area by .3183 and extract the square root of the 
product. 


Find length of halter, tied to stake, that will enable horse to 
graze on | acre. 


Answer—Square feet in acre, 43560 X .3183 = 13865; 


V 13865=117% ft. long. 


Note—The circumference of a circle is 3.1416 times greater 
than the diameter, The number 3.1416 (called Pi) ; its reciprocal, 
3183; its 4th part .7854, its 6th part .5236, and others, should be 
committed to memory as they are indispensable factors in com- 
puting the areas and volumes of circular figures and bodies. 


To find the area of a sector of a circle. Rule—Take such a 
part of the circle as the degrees in the given arc, are part of 
360. Thus, a sector whose arc is 40°, contains 40/360 or 1/9 of 
the area of the circle. 

To find the side of the greatest square that can be inscribed 
in a given circle. Rule— SLultiply the diameter of 
the circle by .707; or the circumference by .225. 

The diameter of a log is 24 inches; how large a sill 
can be cut from it? 

24 X .707 =17 in. square, nearly. 

To inscribe the greatest equilateral triangle. 
Multiply the diameter of the circle by .886 

Side of greatest inscribed hexagon equals the radius of a circle. 


To find the diameter of a circle that will inscribe a given 
square. Rule—Multiply the side of the desired square by 1.414. 

What must be diam. of a log to cut a sill 12 in. sq.? 

Answer—12X 1.414=17 in. 

The area of the greatest square inscribed in a given circle is 
exactly % of the area of the least square circumscribed about the 
same circle—or the square of its diameter. 


To find the area between the two concentric circles. 


Ru!le—Take the difference between the area of each TEN 
circle. A simpler way is to multiply the sum of the . 


a diameters by their difference, and the product by 
4. 














Rule— 


Find the area included between two concentric 
circles whose diameters are 30 and 50 inches. (80, sum: 20, dif ) 


Answer—20 X 80 = 1600 X .7854 = 1256.64 sq. in 


To find the diameter of a circle whose area is equal to the 
area of a given square. Rule—Multiply one side of the given 
square by 1.1284. 


To find the side of a square whose area is equal to the area 
of a given circle. Rule—Multiply the diameter of the given circle 
by .8862 





To find the diameter of three greatest equal circles 
that can be inscribed in a given circle. Rule—Multiply 
the diameter of the given circle by . 

Find the diameters of the three greatest circles that 
can be inscribed in a circle 50 in. in diam. 

Answer—50 X .464 = 23.2 in. 

An ellipse is a plane figure bounded by an oval curved 
line and has a long and a short diameter or axis. 

To find its circumference. Rule—Multiply the 
sum of the two diameters by 3.1416, and take half 
of the product. 

Find the circumference of an 
diameters are .41 and 29 ft. Elupse. 

(41 + 29)=70 X 3.1416 + 2=110 ft. nearly. 

To find the area of an ellipse. 
of the two diameters by .7854. 

How many square ft. are there in an elliptical platform whose 
diameters are 60 and 40 ft.? 

60 X 40 = 2400 X .7854 = 1885 sq. ft. nearly. 


ellipse whose 


Rule—Multiply the product 


Polygons 


VALS 


Square Pentagon. Hexagon. Octagon. 














Triangle. 


To find the area of polygons, having equal sides and equal 
angles. Rule—Multiply the square of one of the equal sides— 
of a triangle, by .433; of a pentagon, by 1.7205; of hexagon, by 
2.5981; of octagon. by 4.8284 

One side of an equilateral triangle is 30 
inches, and of an octagon. 10 in 

Find sq. in. in each. 

30” X 433 = 389.7 in. T: 
482.84 in. O. 





10? X 4.824= a 
Trigonometric Fuactiona 


{ P M, sine. 

For the benefit of those who intend to] O M, cosine. 
study trigonometry and surveying, this | A T, tangent. 
illustration is inserted here. It will be an} B S, cotangent. 
advantage and saving of time to be already | O T, secant. 
familiar with the terms and the functions | O S. cosecant. 
of the science when beginning its study.| M A, versed sine 

BN. conversed sine 


Cubes, Cones, Pyramids, Spheres, 


A cube is a solid body, having six equal square 
sides. To find its area. Rule—Multiply area of one 
side by 6. To find its volume. Multiply the length, the 
breadth and the thickness together. 

Find sq. in. in surface of a 12 in. cube. 

Answer—12° X 6 = 864. 

How many cubic in. in a cubic foot? 

Answer—*12° = 1728. 

Find cu. ft. in a cu. mile. 

Answer—5280° = 147197952000. 

A parallelopiped is a solid body whose six 
faces are all rectangles. To find its area 
Rule—Add areas of its six sides. To find its 
volume. Same as the cube. How many cubic 
feet in a wagon bed 10% feet long. 3 ft. wide 
and 1% ft. deep? 


Answer—10% X 3 X 1% = 39%. 


A prism is a solid having three or more rectangular sides, whose 
ends or bases are parallel plane figures. To find its area. Rule— 
Add areas of the sides and ends. To find its volume. 

Multiply the area of one end by the length. 

Find the area of a triangular prism, each of whose 
three sides are 10 by 25 inches. 

Answers—836.6 sq. in. 

10° X .433 X 2 = 86.6 sq. in. in area of the two ends. 

10 X 25 X 3=750 sq. in. area of sides. 860+ 
750 = 836.6. 

How many cubic inches in above prism. 10 by 25 
inches? 


Answer—19 X .433 = 433 K 25= 1082% cu. in. 
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R-432 


A globe or sphere is a solid body, bounded by a uniformly 
curved surface. To find its area. Rule—Multiply the square 
of diameter by 3.1416; or the square of the circum- 
ference by .3183. To find its volume. Multiply the 
cube of diameter by .5236. ; 

How many square in. in the surface; and how many 
cubic in. in the volume of a globe 12 in. in diameter? 

Answer—904.78 cu. in. 12° X 3.1416 = 452.39 sq. in. “ 
12° X .5236 = 904.78 cu. in. : Gls! 

How many cubic miles in the earth, its diameter being nearly 
8000 miles? 


Answer—2000° X .5236 = 268083200000 cubic mi. 

Find greatest cube inscribed in a 26 in. globe. 

Answer—26 X .577 = 15 in. 

To find the dimensions of a cube, equivalent in volume to a 
given globe. Rule—Multiply the diameter of given globe by 806. 

To find the diameter of a globe, equivalent in volume to a 
given cube. Rule—Multiply one side of the cube by 1.2407. 

A cylinder is a round body of uniform diameter whose ends 
are parallel plane figures. To find its area. Rule—Multiply the 
circumference by the length and to the product add the 
areas of both ends. To find its volume. Multiply the 
area of one end by length. ; 

Find the area of a cylinder 30 inches in circumfer- 
ence and 40 inches long. 

Answer—1343.24 sq. in. 

30 X 40= 1200 sq. in. in convex surface. 

30° X .07958 X 2= 143.24 sq. in. in the two ends. 

Find cubic in. in a cylinder, diameter, 20 in., length Cvylindate 


*"Answer—20" X .7854 X 50== 15708 cu. in. 

A cone is a solid. which has a circular base and tapers un- 
formly to a point called vertex. 

A pyramid is a solid, resembling a cone, hav- 
ing three or more triangular sides. 


To find the area of a cone or pyramid. Rule— 
Multiply the circumference or perimeter of the 
base by the slant height, and to ha!f of the 
product, add the area of the base. 

Find the area or surface of a cone whose cir- 
cumference at base is 40 in., and slant height 

in. 


Answer—1127.33 sq. in. 


50X 40 + 2= 1000 sq. in. in convex surface. 

40° X .07958 = 127.33 in. base. 

To find the volume of a cone or pyramid. Rule—Multiply the 
area of the base by the height and take % of the product. 

How many cubic feet in a 6 sided pyramid, 10 ft. high, whose 
perimeter, at base is 15 ft. or each side 214 ft.? 


Answer—54.13 cu. ft. 


21? X 2.598 = 16.24, area of base. 10 X 1624+ 3= 54.13. 


Find cu. in. in a cone whose height is 12!4 in., and diameter of 
base 10 in. 


Answer—10° X .7854 = 78.54 area of base. 78.54 X 1244+-3= 
32.25 cu. in. 


The solid contents of the cone, globe, cylinder and 
the cube, all of equal dimensions, are in the ratio of 
1, 2, 3 and 3.82 respectively. Thus, taking 1 foot as 
the height and the diameter; the cone contains .2618; 
the globe .5236, and the cylinder .7854 of a cubic foot. 
The cube equals 1 cu. ft. 














The frustum of a cone or pyramid is the part which remains 
after cutting off the top. parallel to the plane of the base. To find 
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the area of a frustum. Rule—Multiply the 
sum of circumferences, or perimeters, by the 


slant height, and to half of the product, 
add the area of each base. 
Find the area of a frustum of a cone, 
whose slant height is 40 in., its greater cir- 
Prastums. 


cumference, 30 in., and its smaller one, 10 in. 

Answer—879.58 sq. in. 

30+ 10 X 40+ 2 = 800, sides. 30°+ 10° X 07953 = 79.58, 
area of bases. 


To find the volume of any frustum. Rule—Square both ends 
of one side, if angular, or the diameters of both ends or bases, 
if round. To the two squares add the product of the given ends 
or diameters; 4 of this sum will be the area of the average 
base of the frustum of a square pyramid, which multiplied by 
.7854 equals area of average base of frustum of a cone; multi- 
plied by .433, of a three sided frustum, by 1.7205, of a five sided 
fr., by 2.5981, of a six sided frustum, by 4.8284, of an eight 
sided frustum. For volume: multiply average area by perpen- 
dicular height. 
Find the vol- [ 

ume or capac- 
ity of a round 
tank whose di- 
ameter is 15 
ft. at base, 12} 
ft. at top, and 
10 ft. deep. 
Ans.—14.37 cu. 
ft. 

Find sq. ft. of lumber in a wagon tongue; large end, 414 in. 
sq., small end, 2% in., length, 9 ft. (108 in.). 

Answer—4¥4 + 2447+ (4% X 24%4)+3=127/12 sq. in. area 
r* average base; 127/12 X 108= 1359 cu. in. + 144=97/16 sq. 
2. 


12°=144 he ne eg sq. ft., area 
15°=225 | of av. base of Fr. of cone. 
12 15=180 
3)549(183, area of av. base of F. of sq. 


pyr. 
143.73 X 10=1437.3 cu. ft.x7.48=10751 gallons. 





How many cu. ft. in a straight log, whose diameter at large end 
is 3 ft., small end, 2 ft., length 12 ft? 


Answer—3’ + 27 +(3 X 2)+3 X .7854 = 4.974 sq. ft., area of 
average base; 4.97+ X 12= 59.69 cu. ft. 


A spheroid or elongated globe has a fixed and a revolving axis. 
To find its area. Rule—Multiply the revolving axis 
by the fixed axis, and that product by 3.1416. To 
find its volume. Rule—Multiply the square of the 
revolving axis by the fixed axis and that product by 
.5236. Find area, also the volume of spheroid; re- 
volving axis, 20 in., fixed, 30 in. 
20 X 30 X 3.1416 = 1884.96 sq. in. in area. 
20° X 30 X .5236 = 6283.2 cu. in. in volume. 
A cylindrical ring is formed by bending a cylinder 
To find its area. Rule—Multiply sum of inside 
diam. and thickness of ring, by thickness, and the 
product by 9.87. To find its volume. Rule—Multiply 
sum of inside diam. and thickness by square of 
thickness, and product by 2.467. 
Find the area, also the volume of a ring whose 
inner diameter is 15 inches, and whose thickness is Ring. 
5 inches. 
(15 + 5) X 5 X 9.87 =987 sq. in. in area. 
2.467 = 1233.5 cu. in vol. 
To find the dimensions of greatest cube that can be inscribed 
ty given globe. Rule—Multiply the diameter of the globe by 
4 


re) 


(15+5)x SX 





The above material has been drawn from “Ropp’s Cal- 
culator”—an extremely useful and inexpensive little booklet 
published by C. Ropp & Sons, of Chicago. 

















Contents of Rectangular Tanks 


Cubic Feet, Gallons, Pounds, and Tons of Water 


THis chart will be found useful for rectangular tank determi- 
nations. The dimensions of the tank, all in inches, are given 
in columns A, C, and D. Then, as will be noted, you can find 
the number of cubic feet in column E, the gallons in column F, 

the pounds of water in column G, and the tons of water in 
column H. As a typical example, let us say that the width of a 
given tank is 10 inches, the depth 5 inches, and the length 20 
inches. How many pounds of water will the tank hold? 


How to Use the Chart 


Find the 10 in column A and run a straight line over to the 
5 in column C and locate the intersection with column B. Then 
from that point of intersection run over to the 20 in column D, 
and note the intersection with column C. It will be observed 


Contributed by W. F. Schaphorst, M.E., Newark, N. J 
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now that column C and J are exactly alike so that perfectly 
horizontal lines can be drawn between those two columns. In this 
instance the intersection in column C happens to be through the 
10, so simply run a straight line through the 10 in column C 
and the 10 in column J, as shown by the dotted line, and you 
have a perfectly horizontal line which gives all of the answers 
as follows: 


Column E shows that the tank has a volume of nearly 
0.6 cu. ft. 


Column F shows that the number of gallons is about 4.3. 

Column G shows that if the tank contains water the 
weight will be about 37 pounds. 

Column H shows that the number of tons of water is 
approximately .0185. 
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Contents of Horizontal Cylinders 


A Multiple Use Chart for Vertical as Well as Horizontal 


Tanks, Pipe Lines, Etc. 
by J. TARRANT 


Assoc. M. Inst. C.E., A.M.1. Mech. E. Ruislip (Middlesex), England 


HE alignment chart printed herewith 

gives a convenient method of finding the 
contents of cylindrical tanks placed with 
the axis horizontal for all depths of liquid 
in the tank. 

It is usually the case that only a fair 
approximation of the tank contents is re- 
quired, and the calculation by exact formula 
is not very readily done. 

Formulas for horizontal cylindrical tanks 
contents are generally printed in two forms, 
one for use when the liquid level is above 
the centre and the other when the level is 
below the centre of the tank. 


On the chart, the scale relating to the 
depth of liquid is continuous; that is to say, 
it applies whether the liquid level be in the 
upper or lower half of the section. 


To use the chart, a straightedge is placed 
across the scales, and the intersections on 
the three scales give the related values. 
Line A gives the ratio of depth of liquid to 
the diameter of the tank; line B, the diame- 
ter of the tank in feet; and line C, the con- 
tents, in cubic feet and gallons, for each 
foot of length of the tank. In the example 
shown by the line across the chart, a tank 
15 feet in diameter in which the contents 
are 10 feet 6 inches deep, will contain ap- 
proximately 1,000 gallons per foot of length. 

By using the fixed value of h/d = 1, the 
chart also gives contents per foot of height 
of a cylinder with vertical axis, and also the 
contents of full pipes per foot of length. 

Sometimes the dimensions of a tank or 
pipe line will not be in feet, but the chart 
may still be used. The contents will be in 


units which correspond to the dimensional 
units, and the scale of gallons will not apply. 
For example, if the diameter is taken in 
inches, the contents, read on the cubic feet 
scale, will be in cubic inches per inch. of 
length. 

The calculation of contents is clearly 
based on the area of the segment of a circle, 
which is what the contents scale on line C 
shows, and the calculation of segmental 
areas, in any dimensional units, may be 
made by use of the chart so long as the 
cubic feet scale is read, and units ascribed 
to this which correspond to the units used 
for the diameter. When the diameter is in 
feet, the area of the segment is in square 
feet; for meters, the area is in square 
meters; for inches, in square inches, and 
so on. 





Troy Weight 
3.086 grains = 1 carat 20 dwts 


24 grains = 1 dwt. 


12 ounces = 


WEIGHTS AND MEASURES 


10 sq. chains or 160 sq. rods = 1 acre 


1 ounce 
l pound 


36 sq. miles (6 miles square) = 1 township 


Mariners’ Measure 


Used for weighing gold, silver, and jewels 


Apothecaries’ Weight 
1 scruple 
1 dram 


1 ounce 


1 pound 


8 drams = 


12 ounces 


20 grains 
3 scruples = 


The ounce and pound in this weight are the same as in Troy Weight. 


Avoirdupois Weight 
1 grain (Troy) = 1 grain (Apoth.) = 1 grain (Avdp.) 
7 11/32 grams = 1 dram 4 quarters 
drams = 1 ounce = 437.5 2.000 Ibs. - 
grains 2.240 Ibs. = 
ounces = 1 long ton 
pounds = 


1 cwt 
1 short ton 
1 long ton 
1 pound 1 British ton 
1 quarter 


Dry Measure 


8 quarts = 1 peck 
4 pecks = 1 bushel 
1.032 U. S. Bushel 


pints = 1 quart 
quart = 67.2 cu. in. 
British bushel = 


Liquid Measure 

1 gallon = 231 cu. in. 
31% gallons = 1 barrel 
2 barrels = 1 hogshead 


gills = 1 pint 

» fluid ounces = 1 pint 
pints = 1 quart 
quarts = 1 gallon 
British Imperial gallon = 1.200 U. S. gallons 
cubic foot of water contains 7.48 gallons and weighs 62.321 Ib 


Linear Measure 
40 rods = 1 furlong 
8 furlongs = 1 statute mile 
5280 feet = 1 statute mile 
3 miles = 1 league 


mil = 0.001 inch 
12 inches = 1 foot 
3 feet = 1 yard 
5'%4 yards = 1 rod 


Square Measure 
1 circular mil = 0.7854 square mils 
1,000,000 square mils = 1 square inch 
144 square inches = 1 sq. ft. 301%4 sq. yds. = 1 sq. rod 
9 sq. ft. = 1 sq. yard 40 sq. rods = 1 rood 
4 roods = 1 acre = 43560 640 acres = 1 sq. mile 
sq. ft. 


Surveyor's Measure 
43560 sq. ft 
640 acres 


7.92 inches = 1 link 
25 links = 1 rod 
4 rods = ¢ chain 


1 acre 
1 sq. mile 


W.&S.W.—REFERENCE NUMBER—1960 


6.08 feet = 1 fathom 

120 fathoms = 1 cable length 

8.31 cable lengths = 1 nautical mile 

6080 feet = 1 nautical mile 

1 nautical mile = 1.15 statute mile 

1 knot is a speed of 1 nautical mile per hour 


Paper Measure 
24 sheets = 1 quire 2 


2 reams = | bundle 
20 quires = 1 ream 5 


bundles = 1 bale 


Cubic Measure 
2150.42 cu. in. = 1 
1 cp. yd. bushel 
1 ton (shipping ) 1 cu. ft. = 4/5 of a bushel 
= 1 standard gallon 1728 cu. in. = 1 cu. ft 
128 cu. ft. = 1 cord 


Household Measure 
drops = 1 teaspoon 16 tablespoons = 
teaspoons = 1 dessert spoon 2 gills = 1 cup 
teaspoons = 1 tablespoon 2 cups = 1 pint 


METRIC EQUIVALENTS 
Linear Measure 
millimeter = 0.03937 inches 1 kilometer = 0.62137 mile 
centimeter = 0.3937 inches 1 inch = 2.54 centimeters 
1 decimeter = 3.937 in. = 1 foot = 3.048 decimeters 
0.328 ft. 1 rod = 0.5029 dekameter 
1 
l 


standard 


231 cu. in. 
(wood) 


1 cup 


meter = 39.37 in. = 1.0936 yard = 0.9144 meter 
yards mile = 1.6093 kilometers 
dekameter = 1.9884 rods 


Square Measure 
sq. cm. = 0.1550 sq. in. 1 sq. in. = 6.452 sq. cm. 
sq. decimeter = 0.1076 sq. ft. 1 sq. foot = 9,2903 sq. deci- 
sq. meter = 1.196 sq. yds. meters 
hectare = 2.47 acres 1 sq. yard = 0.8361 sq. meter 
sq. kilometer = 0.386 sq. 1 sq. mile = 2.59 sq. kilo- 
miles meters 


Weights 
1 metric ton = 
tons 


l ounce = 28.35 grams = 
437.5 grains 


dyne = .00102 grains 
gram = 0.03527 ounces 
kilogram = 2.2046 Ibs. 
metric ton = 2205 Ibs. 
pound = 0.4536 kilograms 


1.1023 short 
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Conversion Factors 


The word gallon, used in any conversion factor, designates the 
US. — Likewise, the word ton designates a short ton, 
2,000 pound 

The nl 10-1, 10-2 
respectively. 

The figures 103, 10?, 
spectively. 

“Parts Per Million,” (designated as p.p.m.), is always by 
weight. As used in the sanitary field, p.p.m. represents the num- 
ber of pounds of dry solids contained in one million pounds of 
water. In this field, one part per million may be expressed as 
8.345 pounds of dry solids to one million U.S. gallons of water. 


10-3, etc., denote 0.1, 0.01, 0.001, etc., 
103, etc., denote 10, 100, 1000, etc., re- 


Multiply To Obtain 
..Square feet 
Square meters 


Cubie feet 
_ -Gallons 
1233.49 Cubic meters 
29.92 Inches of mercury 
Feet of water 
.Cms. of mercury 
Lbs./sq. inch 


Barrels cement Pounds—cement 


Bags or sacks-cement Pounds— “ 

..F oot-lbs. 
..Horse-power-hrs. 
Kilowatt-hrs. 

...Kilogram-calories 
Kilogram-meters 


British Thermal Units 


. sosessesseeseeeeel OOt-lb8./8€C. 
0.02356 .................. Horse-power 
0.01757 .. Kilowatts 


Centimeters .._Inches 


Centimeters Atmospheres 
= ee ..Feet of water 

Lbs./sq. ft. 

...Lbs./sq. inch 


..Feet/min. 


Feet/sec. 
...Meters/min. 


Centimeters 


“ 


Cubic feet 
Cubic inches 
Gallons 
Cubic meters 
Liters 


Cubic centimeters. ...................... 3.531x10-5 
; 2.642x10+ ........ 
10-8 


..Gallons 
Cubic inches 
Cubic yards 
... Liters 
Cubic cms. 
.Cubice meters 


2.832104 Bed 

0.02832 ............ 
Cubic . 0.646317 
- 448.831 


Million gals./day 
.Gallons/ min. 
Cubic .Cubie centimeters 
5 Cubic feet 
-..Cubie meters 
..Gallons 

Liters 


5.787x10-4 
"1.639x10-5 ..... 


..Cubie feet 
.Cubice yards 
Gallons 

.. Liters 


Cubic 
Cubic .Cubie feet 

“6 ..Cubie inches 
Cubic meters 
Gallons 
.. Liters 


Grains 
Ounces 
Grams 


Feet 


....Centimeters 
...Meters 


.Inches of mercury 

..Lbs./sq. inch 
Lbs./sq. ft. 
Atmospheres 

..Kgs./sq. meter 


.Centimeters/sec. 
Meters/min. 


British thermal units 
... Horse-power-hrs. 
..Kilogram-meters 

Kilowatt-hrs. 


IIIS idctiinsnsncsmnecescccinxamssinnnd 1.286x10-* 
> a ..5.050x10~ .... 
on = ee 
Sitrencecideunnneentaniainnietinn DPR niccntcrenss 
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Multiply By 


3.030x10-5 
2.260x10-* 

















3.785 


Gallons, ree - 1.200095 
U. 8. 0.88267 


. 8.3453 
sacenainanniandaceiteseniiiaibtd 2.228x10-8 


ee on 
Gallons/min. 


Grains (troy) ... 


Grains/U.S. gal. 
/U.S. gal. 
/Imp. gal. 





0.07355 .....00.0000+ 


0.03613 
Kilograms 
Kilograms-calories/min. 


0.06972 


Kgs./aq. meter .............cccecceese+3-281K107% 
as - i guia ...1.422x10-8 


Kilometers . 3281 


Milligrams/liter 
Million gals./day 


Miner’s inches 


Selections 


distributed by The Dorr Co., Stamford, 


sees wren 


8785 coos 
$.785x10-* ... 


U. S. gallons 
Imperial gallons 
..-Pounds of water 


..Parts/million 
..Lbs./million gal. 
Parts/ million 


snineitaeleid Grains 
.Ounces 


/ gal. 
..Pounds/1000 gals. 
..-Parts/ million 


satihiaoaialiibaiial B.T. Units/mia. 
‘ ..Foot-lbs./sec. 
Kilowatts 


..-Kilowatts 
-...Centimeters 


Feet of water 
Lbs./sq._ inch 





Inches of mercury 
Lbs./sq. inch 


«-eeeLabs. 
«wk OOt-pounds/sec. 


..Horse-power 
Kilowatts 


..Lbs./sq. ineh 


..B.T. Units/min. 
Foot-lbs./sec. 


...Horse-power 
..Kg.-calories/min. 


Cubic inches 
Cubic feet 


-.-Kilometers/min. 
Parts/ million 

..Cubie ft./sec. 

..Cubie ft./min. 


"Ounces (troy) 


..Cubie inches 
..Cubie em. 


..Lbs./million gal. 
.Grains/U. 8. gal. 
Grains/Imp. gal. 


from a booklet of—‘“Conversion Factors for Engineers’”— 


Conn. 





Multiply By To Obtain 

Cubic feet 
Cubie inches 
Gallons 


-.«Grams/cubic cm. 
. Kgs./cubie meter 
Lbs./eubic inch 


Pounds/foot Kgs./meter 


Pounds/inch ....Grams/cm. 


Pounds/sq. Feet of water 
7 rs ..Kgs./sq. meter 
Pounds/sq. ..Feet of water 
7 - Inches of mercury 
...Atmospheres 
Kgs./sq. meter 


.. Sheets 
Sheets 


Square inches 
Square feet 


Square inches 
sania ... Square meters 
2.296x10-5 ... Acres 





6.452 sue SQuare centimeters 


Square kilometers 
% "7 - feet 
Square yards 
Square meters Square feet 
= - Square yards 


Square miles . or aracseccoes ASOD 
“ “ ; Square feet 
Square Kilometers 
Square yards . Square feet 
4 - Square meters 
2.066x10~ Acres 


Tons (long) snail 1016 -seekilograms 
% = , deine 2240 . Pounds 
as 12000 ... «Fons (short) 
(metric) . 108 a ...--Kilograms 
= ; 2205 ....Pounds 


Pounds 


(short) .. 2000 
" diiintiacabantlie ...Kilograms 


. 907.18486 ..... 
s of water/2 0.16642 .Gallons/ min. 
0.05692 .B.T. Units/min. 
0.7376 ..Foot-pounds/sec. 
341x108 ..Horse-power 
0.01434 .._Kg.-calories/min. 


0.9144 ..... ..Meters 





Conversion of °C to °F or °F to °C 


Weights and Measures 


Troy Weight 
20 dwts. = 1 ounce 
12 ounces = 1 pound 


3.086 grains = 1 carat 
24 grains = 1 dwt. 


Used for weighing gold, silver, and jewels. 


Apothecaries’ Weight 
20 grains = 1 scruple 8 drams = 1 ounce 
3 scruples = 1 dram 12 ounces = 1 pound 
The ounce and pound in this weight are the same as in 


Troy Weight. 
Avotrdupois W eight 

1 grain (Troy) = 1 grain (Apoth.) = 1 grain (Avdp.) 
27 42 grams = 1 dram 4 quarters = 1 cwt. 
16 drams = 1 ounce = 437.5 2,000 Ibs = 1 short ton 

grains 2,240 Ibs = 1 long ton 
16 ounces = 1 pound 1 long ton = 1 British ton 
25 pounds = 1 quarter 


Dry Measure 
2 pints = 1 quart bushel 
1 quart = 67.2 cu. in. 8 quarts = 1 peck 
1 British bushel = 1.032 U.S. 4 pecks = 1 bushel 


Liquid Measure 


1 gallon = 231 cu. in. 
31% gallons = 1 barrel 
2 barrels = 1 hogshead 


4 gills = 1 pint 

16 fluid ounces = | pint 
2 pints = 1 quart 

4 quarts = 1 gallon 

1 British Imperial gallon = 1.200 U.S. gallons 

1 cubic foot of water contains 7.48 gallons and weighs 62.32) Ib. 


Linear Measure 
1 mil = 0.001 inch 
12 inches = 1 foot 
3 feet = 1 yard 
5% yards = 1 rod 


40 rods = 1 furlong 

8 furlongs = 1 statute mile 
5280 feet = 1 statute mile 
3 miles = 1 league 


Square Measure 
1 circular mil = 0.7854 square 
mils 
1,000,000 square mils = 1 
square inch 
144 square inches = 1 sq. ft. 
9 sq. ft. = 1 sq. yard 
4 roods = 1 acre = 43560 
sq. ft. 


30% sq. yds. = 1 sq. rod 
40 sq. rods = 1 rood 
640 acres = 1 sq. mile 


Surveyor’s Measure 


43560 sq. ft. = 1 acre 
640 acres = 1 sq. mile 


7.92 inches = 1 link 
25 links = 1 rod 
4 rods = 1 chain 


10 sq. chains or 160 sq. rods = 1 acre 
36 sq. miles (6 miles square) = 1 township 


Mariners’ Measure 
6.08 feet — 1 fathom 
120 fathoms = 1 cable length 
8.31 cable lengths = 1 nautical mile 
6080 feet = 1 nautical mile 
1 nautical mile = 1.15 statute mile 
1 knot is a speed of 1 nautical mile per hour 


Paper Measure 


2 reams = 1 bundle 
5 bundles = 1 bale 


24 sheets = 1 quire 
20 quires = 1 ream 


Cubic Measure 
1 cu. cm. = .061 cu. in. 2150.42 cu. in. = 1 standard 
af t%. tc = 1 ch 96 bushel 
40 cu. ft. = 1 ton (shipping) 1 cu. ft. = 4% of a bushel 
231 cu. in. = 1 standard gallon 1728 cu. in. = 1 cu. ft. 
128 cu. ft. = 1 cord (wood) 


Household Measure 
teaspoon 16 tablespoons = 1 cup 
1 dessert spoon 2 gills = 1 cup 
1 tablespoon 2 cups = | pint 


60 drops —_ 
2 teaspoons 


3 teaspoons 


METRIC EQUIVALENTS 
Linear Measure 

millimeter 0.03937 inches 1 kilometer = 0.62137 mile 
centimeter — 0.3937 inches 1 inch = 2.54 centimeters 
decimeter — 3.937 in. = 1 foot = 3.048 decimeters 
0.328 ft 1 rod = 0.5029 dekameter 
1 meter = 39.37 in. = 1.0936 1 yard = 0.9144 meter 
yards 1 mile = 1.6093 kilometers 

dekameter 1.9884 rods 


Square Measure 
sq. cm 0.1550 sq. in. 1 sq. in. = 6.452 sq. cm. 
sq. decimeter = 0.1076 sq. ft. 1 sq. foot = 9,2903 sq. 
sq. meter = 1.196 sq. yds. decimeters 
hectare = 2.47 acres sq. yard = 0.8361 sq. meter 
sq. kilometer = 0.386 sq. 1 sq. mile = 2.59 sq. kilometers 
miles 


Weights 
dyne = .00102 grains 1 metric ton = 1.1023 short 
gram = 0.03527 ounces tons 
kilogram = 2.2046 Ibs. 1 ounce = 28.35 grams = 
metric ton = 2205 Ibs. 437.5 grains 
pound = 0.4536 kilograms 
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Alkalinity Equivalents 


AMONG the mineral compounds present in natural waters, 
Calcium Carbonate is the most ubiquitous. Partly for this 
reason and partly because its molecular weight at the time, was 
thought to be exactly 100, this compound was chosen as the 
standard to be employed in the measurement of alkalinity and 
hardness. 

With more accurate determination of atomic weights, the 
molecular weight of Calcium Carbonate is now assumed to be 
100.08. Very obviously, tables earlier prepared under the as- 
sumption that the molecular weight was 100 will have a small 
and not entirely Ne te error if the true weight be 100.08. 
The accompanying table, based upon the newer molecular weight 
of 100.08 for Calcium Carbonate, are arranged in such manner 
as to facilitate comparisons against other substances having dif- 
ferent values of alkalinity. These values are presented as being 
more accurate than those appearing in earlier tables computed 
on the old 100 molecular weight value assumed for Calcium 
Carbonate. 

A brief explanation of how the tables may be used follows. 

In the sixth column, sixth line, the unity of Calcium Car- 
bonate may be compared directly against every other factor in 
the column. For instance, one part of alkalinity, due to Calcium 


Carbonate, is the exact equivalent, in alkalinity value, to that 
which would be imparted by 1.6196 of Calcium Bicarbonate; 
0.7403 of Calcium Hydroxide; 0.8424 of Magnesium Carbonate; 
1.0590 of Sodium Carbonate (dehydrated), etc. 


Along the line, right or left, a different comparison may be 
made. The molecular weight, for instance, of Calcium Bicar- 
bonate, is in excess of that of Calcium Carbonate. Therefore, 
it takes more Calcium Bicarbonate to produce a given alkalinity 
than it does of Calcium Carbonate, and it is found that for an 
equal weight of Calcium Bicarbonate the alkalinity value as 
compared against Calcium Carbonate is only 0.6174 parts. On 
the other side an equal weight of Calcium Hydrate will have 
an alkalinity value of 1.3506 parts; Sodium Hydroxide 1.2508— 
and so on. 

From the foregoing it is seen that the compounds in these 
tables may be compared in two different ways against the Cal- 
cium Carbonate Standard for alkalinity, or against any other 
compound in the table. For instance, under the heading Sodium 
Hydroxide (NaOH) it is noted that one part is equal in alka- 
linity value to 1.3247 parts of Sodium Carbonate (Soda Ash) ; 
and, further, that one part of Sodium Carbonate is only equal 


to 0.9442 parts of Calcium Carbonate in raising alkalinity values. 


ALKALINITY EQUIVALENTS* 


Compound 
Aluminum Hydrate 
Barium Oxide BaO 
Barium Hydrate Ba(OH), 
Calcium Oxide 
Calcium Hydrate 
Calcium Carbonate 
Calcium BiCarbonate 
Magnesium Oxide 
Magnesium Hydrate 
Magnesium Carbonate 
Magnesium BiCarbonate .... 


Formula Al,(OH). 
1.0000 
2.9494 
8.2959 
1.0785 
1.4250 
1.9247 
3.1174 
0.7754 
1.1219 
1.6216 
2.8143 
1.1922 
1.5387 
2.0385 
5.5033 
3.2312 
2.1028 


BaO Ba(OH): CaO Ca(OH); 
0.3390 0.3034 0.9271 0.7017 
1.0000 0.8948 2.7784 2.0697 
1.1174 1.0000 3.0559 2.3128 
0.8656 0.8272 1.0000 0.7568 
0.4881 0.4823 1.8212 1.0000 
0.6525 0.5839 1.7845 1.3506 
1.0569 0.9458 2.8904 2.1876 
0.2629 0.2352 0.7189 0.5441 
0.3803 0.3403 1.0402 0.7873 
0.5498 0.4920 1.5035 1.1379 
0.9541 0.8538 2.6094 1.9749 
0.4042 0.8617 1.1054 0.8366 
0.5217 0.4668 1.4267 1.0798 
0.6911 0.6184 1.4305 
1.8658 1.6697 3.8619 
1.0955 0.9803 2.2674 
0.7129 0.6380 1.4756 


1.2895 0.8913 
3.8035 2.6289 
4.2503 2.9377 
1.3908 0.9613 
1.2701 
1.7155 
2.7786 


MgH;(CO;,); 
Na.O 

Sodium Hydrate NaOH 
Sodium Carbonate Na,CO, 
Sodium Carbonate, Hydrated. NaC0:,10H.0 
Sodium BiCarbonate NaHCO; 
*Tri-Sodium Phosphate Na:PO, 
Tri-Sodium Phosphate, 

Na:P0O,,12H;0 4.8747 1.6527 


1.4790 3.4207 


Compound 
Aluminum Hydrate 
Barium Oxide 
Barium Hydrate 
Calcium Oxide 
Calcium Hydrate 
Calcium Carbonate 
Calcium BiCarbonate 
Magnesium Oxide 
Magnesium Hydrate 
Magnesium Carbonate 
Magnesium BiCarbonate . 
Sodium Oxide 
Sodium Hydrate NaOH 
Sodium Carbonate Na,CO, 
Sodium Carbonate, Hydrated. NaC0O:,10H.:0 
Sodium BiCarbonate 
Tri-Sodium Phosphate 
Tri-Sodium Phosphate, 

Hydrated ......... eseeee- NasPO.12H:O 3.0059 1.7820 


* Prepared by the late C. Arthur Brown, of Lorain, Ohio. 


Formula 
Al.(OH). 


MgCO, 
0.6166 
1.8187 
2.0324 
0.6650 
0.8787 
1.1869 
1.9223 
0.4781 
0.6918 
1.0000 
1.7354 
0.7352 
0.9488 
1.2570 
3.3936 
1.9925 
1.2967 


(COs): 
0.3553 
1.0480 
1.1711 
0.3832 
0.5063 
0.6839 
1.1076 
0.2755 
0.3986 
0.5762 
1.0000 
0.4236 
0.5467 
0.7243 
1.9554 
1.1481 
0.7471 


NaHCO; Na.PO, 
0.3094 0.4755 
0.9128 1.4025 
1.0200 1.5672 
0.33387 0.5128 
0.4410 0.6776 
0.5956 0.9152 
0.9647 1.4824 
0.2399 0.8687 
0.3472 0.5334 
0.5018 0.7711 
0.8709 1.8382 
0.3689 0.5669 
0.4762 0.7317 
0.6308 0.9693 
1.7031 2.6169 
1.0000 1.5364 
0.6504 1.0000 


MgH: ( CO;) a 
Na,O 


1.7637 


4.0885 1.5078 2.3181 
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NOTE THE NUMBERS 


they correspond with the 


headings on 


MANUFACTURERS BULLETINS & CATALOGS 


To receive further information 


on any of the bulletins or catalogs listed 


just circle the corresponding 


numbers on the card 


Fill in your name, adress, title 


and mail! 


For your convenience these 


cards require no postage. 


* PLEASE SEND ME INFORMATION ON THE ITEMS CIRCLED BELOW 
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BULLETINS and CATALOGS 


For Copies of any of the Bulletins or Catalogs Listed Below, Circle the Corresponding Numbers on 
the Inquiry Reply Card in this Section. 


1R 

Acid Handling Pump—Bulletin #5020 
outlines significant features of the OB- 
Olivite Pump, designed to meet the 
prime requisites for a good acid handling 
pump by providing maximum protection 
against corrosion and leakage. Also 
shown are specifications, performance 
range, dimensional data and parts list — 
Dorr-Oliver Inc. 


2R 


Acid Handling Pump—This catalog 
briefly describes the design features, op- 
eration and application of this positive 
displacement metering pump for sulfur- 
ic acid in concentrations up to 60° 
Baumé.—Precision Chemical Pump 
Corp. 


3R 


Activated Epoxy Coating—Bulletin P-52 
on Tile-cote Activated Epoxy Coating 
contains full specifications and color 
standards on these products. Bulletin 
P-55 on Protective Coatings System for 
potable water storage tanks, discusses 
the problems of selecting the proper 
paint systems for water service, and 
provides full specifications and applica- 
tion data for tank coatings —The Wilbur 
& Williams Co., Inc. 


4R 

Activated Nuchar—12 page booklet on 
Powdered Activated Nuchar for Purifi- 
cation and Reclamation.—Industrial 
Chemical Sales Div., West Virginia 
Pulp and Paper Co. 


5R 

Activated Silica Sols Preparation—Se- 
ries Sheet “A” covers jar test proce- 
dures for preparing activated silica sol 
from sodium silicate and ammonium 
sulfate as the reacting chemical. Sheet 
“B” details procedures for batch prepa- 
ration of activated silica sol with such 
reactants as ammonium sulfate, alum, 
chlorine etc. Illustrations show flow 
diagrams.—Philadelphia Quartz Co. 


6R 


Activated Sludge—A technical study on 
the Kraus Process covers the dual aera- 


W.&S.W.—REFERENCE NUMBER—1960 


tion system for power savings and 
sludge interchange for beneficial use of 
supernatant liquor and elimination of 
bulking. Actual plant data. Design con- 
siderations.—Pacific Flush Tank Co. 


7R 


Adapters, Pipe—Form 125 describes the 
New Wheeler Pipe Adapter, which ex- 
pands the capacity of small pipe-holding 
devices to enable cutting and threading 
through 4” pipe—Wheeler Mfg. Corp. 


8R 


Aeration Blowers—Bulletin RAS-158 
describes rotary positive displacement 
air blowers in 38 standard sizes, rated 
from 2800 CFM to 10,000 CFM, and 
suitable for pressures up to 10 PSIG. 
New vertical compact design is fea- 
tured.—Roots-Connersville Blower. 


OR 


Aeration Equipment—Porous Media 
bulletin describes ceramic bonded dif- 
fuser plates and tubes with many appli- 
cations and methods of use—The Car- 
borundum Company. 


10R 


Aeration Equipment—Bulletins 175-A 
and 177 cover the Wide-Band Aeration 
System, featuring swing diffuser units 
and precision diffuser tubes.—Chicago 
Pump. 


11R 

Aeration Equipment—Bulletin 5430 dis- 
cusses the VORTI-MIX® aerator—a 
mechanical turbine type aerator used 
with a sparger. The VORTAIR® aerator 
(Bulletin 6620) is a turbine type aerator 
which entrains vast quantities of atmos- 
pheric oxygen. It is especially suited to 
use in stabilization and oxidation ponds. 
The COLAFLEX® flexible diffuser in- 
troduces air or gas into a liquid where 
fine diffusion is required or where sus- 
pensions in the liquid tend to clog por- 
ous media. (Bulletin 6550).—Infilco Inc. 


12R 
Aeration Equioment—Bulletin 22596 is 


a new issue describing the latest de- 
velopments in Walker Process Sparjers 


and Headers for aeration. Applications 
pertaining to activated sludge, grit aera- 
tion, channel aeration, and industrial 
processes are discussed.—Walker Proc- 
ess Equipment Inc. 


13R 


Aerator—Bulletin Number 7316 de- 
scribes the development, design and ad- 
vantages for supplying oxygen demands 
in the activated sludge process.——Dorr 
Oliver Inc. 


14R 


Aerators Hi-Cone®—The high intensi- 
ty, high capacity surface aerator for 
sewage and waste treatment by the ac- 
tivated sludge process is described in a 
12-page catalog. Available for plants as 
small as 100,000 g.p.d—no limits on 
maximum flows handled—Yeomans 
Brothers Company. 


15R 
Aer-Degritter—This brochure gives de- 
tailed information on the company’s 


Aerated Grit Removal System.—Chi- 
cago Pump. 


16R 


Aerobic Digestion—Bulletin SM-1010 
describes a new line of low-cost, simpli- 
fied equipment for high degree purifica- 
tion of small sewage flows. Aerobic Di- 
gestion plants, which achieve 85 to 95 
per cent suspended solids and BOD re- 
ductions in treating 1000 to 200,000 GPD 
sewage and miscellaneous wastes, are 
becoming increasingly useful for institu- 
tions, airports, military bases and other 
enterprises remotely located from muni- 
cipal sewer systems.—The Eimco Corp. 


17R 


Air Compressor, Tractor-type—Catalog 
5740 presents the Heavy PNEUMA- 
TRACTOR, a self-propelled air com- 
pressor capable of mounting major ac- 
cessories such as backhoe, front end 
loader, dozer blade and other construc- 
tion equipment. Available with gas or 
diesel engine. Furnishes 125 cfm at 100 
psi to operate accessories or separate 
tools.—Schramm, Inc. 
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18R 

Air Com s, Self-Pr Cata- 
log 5945 describes self-propelled air com- 
pressor furnishing 125 or 250 cfm at 100 
psi. Easy mobility of these units plus 
ability to mount accessories makes them 
especially adaptable for both operation- 
al and maintenance applications.— 
Schramm, Inc. 


19R 

Air Compressors, Portable—Bulletin 
SPB-58 presents a complete line of 
Portable Air Compressors, gasoline and 
diesel, with capacities from 20 cfm to 
600 cfm at 100 psi. Choice of skid, wheel 
or truck mounted models. Tool boxes, 
hose reels and other accessories.— 
Schramm, Inc. 


20R 

Air Filter System—This brochure de- 
scribes in detail the company’s Air Fil- 
ter System for Air Diffusion —Chicago 
Pump. 


21R 

Air Release and Inlet Valves—This 
much used utility valve is described in 
detail. It may be used for both water 
and sewage lines. Used specifically at 
high points in the line where air collec- 
tions must periodically be released or 
where vacumms must be broken. Bul- 
letin 1205.—Simplex Valve & Meter Co. 


22R 

Air Relief Valves—A 28 page booklet 
describing the construction and opera- 
tion of Crispin automatic air valves 
available for the control of air in lines 
handling liquids—Multiplex Mfg. Co. 


23R 


Aluminum Floor Grating—A bulletin 


discussing riveted, pressure locked, 
types of aluminum floor grating. Gener- 
ally instruction for ordering and charts 
on safe loads are given. Borden Safety 
steps are also discussed.—Borden Metal 
Products Co. 


24R 


Asbestos-Cement Pipe Accessories— 
Bulletin describes company’s complete 
line of products designed for use with 
asbestos-cement pipe.—Smith-Blair, Inc. 


25R 


Asbestos-Cement Pressure Pipe—4 page 

folder AP-17 describes advantages and 

features of asbestos-cement pressure 

pipe stressing the importance of “clear, 

full-flowing water—a community’s most 

eanertaee asset”.—Keasbey & Mattison 
. 


26R 


Automatic Chlorine Residual Control— 
Catalog 40.189 describes Compound-loop 
Control for maintaining a consistent 
chlorine residual throughout a water 
treatment system. It shows equipment 
needed for automatic control. Also de- 
scribed is necéssary equipment—remote 
recorders and controllers, chlorine flow 
recorders, and alarms.—Wallace & Tier- 
nan Inc. 

27R 

Automatic Continuous Weight Meter— 
Bulletins 375, 759, 851, and 858, fully 
describe and illustrate the Weightom- 
eter, an automatic continuous weighing 
scale that “Weighs as it conveys”. It 
weighs and meters by mechanically 
multiplying together two variable 
quantities and totalizing the successive 
products.—Merrick Scale Mfg. Co. 


28R 


Automatic Potential Control—Bulletin 
TP-118-E explains an improved system 
of cathodic protection, called Automatic 
Potential Control which extends previ- 
ously possible applications of cathodic 
protection, and gives existing systems 
even greater economy, while providing 
full protection. The system is especially 
suitable for protection of submerged or 
buried structures—Electro Rust-Proof- 
ing Corp. 

29R 


Back Hoes, Shovels, Cranes, Draglines, 
etce.—Full series of feature and specifi- 
cation literature on complete Series 350 
product line. Carrier-mounted, crawler- 
mounted and self-propelled models.— 
Schield Bantam Company. 


30R 


Ball Joint Cast Iron Pipe for River 
Crossing and submarine piping. 8-page 
brochure gives description, specifications 
data, and assembly instructions for this 
pipe with 15 degrees full free turning 
deflection —James B. Clow & Sons, Inc. 


31R 


Bar Screen, Sewage—This_ technical 
bulletin describes mechanically cleaned 
bar screen and grinder designed for a 
wide range of channel widths and set- 
tings with grinder attached to sorting 
tray, returning shredded screenings to 
sewage flow.—American Well Works. 


32R 


Bar Screens—These two bulletins dis- 
cuss and illustrate Rex Heavy-Duty 
Bar Screens and front-cleaned bar 
screens.—Chain Belt Co. 


33R 


Barminutor—Bulletin 186-B illustrates 
and describes advantages, principals of 
operation, applications, mechanical de- 
scriptions, detailed specifications and 
other information on the company’s 
Barminutor comminuting machines for 
use in rectangular channels.—Chicago 
Pump. 


34R 


Bascule Gate—This bulletin provides 
dimensions, description and typical in- 
stallations of this crest gate for pond 
level and flood control.—Allis-Chal- 
mers Mfg. Co. 


35R 


Bell-Tite Joint Cast Iron Pipe—Bulletin 
describes this single gasket, compression 
type cast iron pipe joint for water and 
sewerage under pressure—James B. 
Clow & Sons, Inc. 

36R 

Blowers—Bulletins S59-H, S65-C, S88- 
A, and S32-A describe rotary positive 
displacement for air and gas compress- 
ing, featuring oil-free metered air de- 
livery with volume to 20,000 CFM and 
pressure up to 10 Ibs. gauge, single stage. 
Unites may be double staged for higher 
pressure.—Sutorbilt Corp. 

37R 

Boxes, Valve, Service, Roadway and 
Meter—Bulletins and Catalogs describ- 
ing sizes and types of standard Buffalo 


and special types.—Opelika Foundry 
Co., Inc. 


38R 


Car Shakers—Two bulletins describe 
features of 3% and 5-ton car shakers 


for fast, safe, and economical pushbut- 
ton unloading of granular materials from 
open, hopper bottom gondola cars.— 
Allis: Chalmers Mfg. Co. 


39R 

Cast Iron Pipe—Complete line of Cast 
Iron Pressure Pipe in sizes of 3 to 24 
inches diameter is listed in catalog 54. 
Complete specifications and construction 
details —-Albeatas Pipe Co. 


40R 

Cast Iron Pipe—This illustrated book- 
let provides pictorial proof of the rug- 
gedness and durability of cast iron pipe 
in water supply and distributions; sewer 
mains; and industrial service.—Cast Iron 
Pipe Research Assn. 


41R 

Cathodic Protection—A series of three 
bulletins on cathodic protection: “Fight- 
ing Corrosion with Corrosion”, “Cath- 
O-Chem System”, and “Cathodic Pro- 
tection for Water Works Plants.”— 
Electro Rust-Proofing Corp. 


42R 

Cathodic Protection—Technical Publica- 
tion TP-118-E describes new cathodic 
protection system of Automatic Poten- 
tial Control. Bulletin shows how auto- 
mated system protects structures against 
corrosion at varying potentials when 
climatic or environmental conditions 
change.—Electro Rust-Proofing Corp. 
43R 

Cement Pipe Lining—A catalog describ- 
ing the Centriline Process for pipes 4” 
to 144” including information on pipes 
4” new Centriline machine for placing a 
continuous cement motar lining inside 
of all types of pipe in place. Bulletin 
includes illustrations of cleaning and lin- 
ing equipment, hydraulic data and sam- 
ple specifications for doing the work.— 
Centriline Corp. 

44R 

Centrifugal This 20-page bul- 
letin describes monobloc, single and 
two stage, centrifugal pumps in sizes 4 
to 6 inches. Drawings and rating curves 
are also included—Worthington Corp. 


45R 


Ceramic Glazed Facing Tile—General 
Catalog S-60 gives many details and il- 
lustrations of the variable uses of Natco 
Ceramic Glazed Vitritile. This complete- 
ly sanitary and low maintenance facing 
tile is suitable for all types of interior 
walls.—Natco Corp. 

46R 

Clarifier—Bulletin #126, 32-pages with 
the theory, operating results, and neces- 
sary tables and charts required to de- 
sign and specify the Lakeside Spiraflo 
Clarifier —Lakeside Engineering Corp. 


47R 


Clarifiers—Bulletin No. 4906 describes 
three types of circular clarifier mechan- 
isms and gives selection data and di- 
mensional data as well as specifica- 
tions for all three types—Ralph B. 
Carter Co. 


48R 


Clarifiers—Verti-Flo clarifier tanks are 
covered in two bulletins. Efficient, low 
cost Verti-Flo is designed to clarify 
plant water, reclaim process water, 
eliminate pollution, or reclaim valuable 
materials —Chain Belt Co. 
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49R 

Clarifiers—Bulletin #6192 describes de- 
sign features and advantages of Dorr 
mechanisms for circular and square set- 
tling basins. Photos and elevation draw- 
ings of units 30’ to 200’ in diameter are 
included in 16 pages.—Dorr-Oliver Inc. 
50R 

Clarifiers—Eimco-Process Fletator-clari- 
fier removes low specific gravity solids 
by a combination of dissolved air flota- 
tion and conventional sedimentation in 
a single tank. Bulletin SM-1008—The 
Eimco Corp. 

51R 

Clarifiers—This bulletin 35-D describes 
two settling type clarifiers for both cir- 
cular and rectancular tanks, equipped 
with both skimming and sludge scrap- 
ing mechanisms.—Hardinge Company, 
Incorporated. 


52R 

Clarifiers Center Drive Clarifiers—Two 
types are detailed in Catalog 6502. Type 
“CD” is for tanks up to 50 ft. in diam- 
eter, the “CDH” for larger tanks.— 
Yeomans Bros. Company. 

53R 

Clarifiers and Softeners—The ACCEL- 
ATOR® hich rate clarifier/softener in- 
corporates the slurry recirculation 
principle in which treated water sepa- 
rates upwardly from a downward mov- 
ing slurry mass. Thousands of such 
plants are in operation around --the 
world. This plant-is fully discussed ‘in 
Bulletin 1825.—Infilco Inc. 

54R 

Clariflocculator—Bulletin 6801-R  .de- 
scribes the physical characteristics, 
principle of operation, types, sizes and 
advantages of this combination floccula- 
tion and clarification mechanism. In- 
cluded are photographs of operating in- 
stallations and line and wash drawings 
of standard units.—Dorr-Oliver Inc. 


55R 


Clay, Pipe—This 48-page fully illustrated 
brochure entitled “The Story of Clay 
Pipe” contains an historical record of 
clay pipe. its contribution to America 
from the beginning of the 20th century 
to the present, and a look into the fu- 
ture of American homes. industries, and 
communities.—National Clay Pipe M 
Inc. 

56R 


Clay Pipe—A 6-page brochure, “Clay 
Through the Ages”, of particular inter- 
est to professional engineers. Lists of 
ASTM, ASA, and AASHO specifica- 
tions applicable to vitrified clay pipe and 
describes riew factory-made joints. Clay 
processing today, and the typical char- 
acteristics of vitrified clay pine also are 
included.—National Clay Pipe Mfrs., 
Inc. 

57R . 

Chemical Feeders—This. bulletin de- 
scribes ‘positive. disnlacement pumns for 
feeding corrosive fluids. Bulletin 1106-7 
—Proportioners, Inc. 


58R 


Chemical Feeders—Catalog 390.010 dis- 
cusses selection of dry feeders. Feeder 
selection table lists 175 commonly used 
dty, ‘free-flowing solids with their dens- 
ities and characteristics. Tabulated data 
and selection charts assure correct 


frs., 
es | 


W.&S.W.—REFERENCE NUMBER—1960 


choice of appropriate feeder. Separate 
bulletins are available for each model 
of feeder.—Wallace & Tiernan Inc. 
59R 

Chemical Pump—This catalog briefly 
describes the design features, operation 
and application of this positive displace- 
ment metering pump for chemical solu- 
tions.—Precision Chemical Pump Corp. 


60R 


Chemical Treatment—Bulletin A-705 dis- 
cusses the use of chemicals in water and 
sewage treatment.—Columbia-Southern 
Chemical Div., Pittsburgh Plate Glass 
Co. 


61R 


Chemistry of Water—Bulletin 1237 de- 
scribes the general character of chemical 
or mineral analysis of water, the mean- 
ing of the results and basic methods of 
water treatment for mineral removal.— 
Edward E. Johnson, Inc. 


62R 


Chlorine—A bulletin describing the 
physical properties, handling methods, 
uses and containers—Pennsalt Chem- 
icals Corp. Pa. 


63R 


Chlorine Dioxide—Catalogs 60.300 and 
60.310 describe uses of chlorine dioxide 
in water and sewage treatment. Bulle- 
tins chart dosage, and show design and 
operation of Chlorine Dioxide Gener- 
ator.—Wallace & Tiernan Inc. 


64R 


Chlorine Feeders—A series of bulletins 
on Chlorinizers, for feeding chlorine gas 
and other gases like ammonia, sulfur 
dioxide, etc. Capacities from 4 to 8000 
Ibs. per 24 hours. Bulletins 840-J8A and 
840.20-1—Builder-Providence Div., B-I-F 
Industries. 


65R 


Chlorine Feeders—A series of catalogs 
on chlorinators and necessary equip- 
ment, ranging in application from swim- 
ming pools to high capacity industrial 
requirements.—Fischer & Porter Co. 
66R 


Chlorine Feeders—Booklet TA-1041-C 
describes the complete range of V-notch 
Chlorinators. Individual bulletins are 
available for all models, suitable for any 
tvpe of water and sewage treatment.— 
Wallace & Tiernan Inc. 


67R 


Chlorine Hand Book—76 pages, hard 
cover-describes equipment for handling 
chlorine, including shipping containers, 
safety and first aid measures. Also cov- 
ers preparation of lime and sodium 
bleaches and analytical data on hypo- 
chlorites. Bulletin No. 125—Hooker 
Chemical Corp. 

68R 


Chlorine Handling—Bulletin A-505 dis- 
cusses the problem of the Safe Handling 
of Chlorine —Columbia-Southern Chem- 
ical Div., Pittsburgh Plate Glass Co. 


69R 


Chlorine—Safe Handling Practices (No. 
C-4012). Bulletin outlines methods for 
employee protection, leak detection and 
handling, personal protective devices, 
emergency measures, first aid treatment. 
Penn-salt Chemicals Corp., Industrial 
Chemicals (West) 


70R 

Chlorine Wall Chart—This chlorine wall 
chart lists some of the important things 
to do in handling liquid chlorine in cyl- 
inders, ton containers and tank cars. It 
covers first aid and emergency proce- 
dures. The chart is clearly illustrated 
with diagrams of chlorine container 
valves. Bull. 132—Hooker Chemical 
Corp. 

71R 

Chlorine Wall Chart—Chart describes 
container valves, leak detection, first aid 


and accident procedures.—Pennsalt 
Chemicals Corp., Pa. 

72R 

Coagulant Aids—Nomograph—“N-Sol” 
Process Coagulant aid preparation nom- 
ograph in chart form suitable for post- 
ing. Used to determine sodium silicate 
requirements, quantity of reacting chem- 
ical, necessary dilutions, expected alka- 
linity and preparations and feed rate for 
flow variations. All popular reacting 
chemicals listed.—Philadelphia Quartz 
Company. 

73R 


Coagulant Dispenser—Prints illustrate 
and describe the Nalco Coagulant Dis- 
perser, which thoroughly wets high poly- 
mer coagulants so they can be solubil- 
ized rapidly in solution tanks.—Nalco 
Chemical Co. 
74R 
Coagulants and Coagulant Aids—Seven 
Nalco products are described in informa- 
tional bulletins. Information includes 
principal uses, shipping, handling, feed- 
ing information and a general descrip- 
- of each product—Nalco Chemical 
0. 


75R 


tion—Process Bulletin Al—De- 
tails coagulation theory and suggests 
specific applications for both municipal 
and industrial uses. Covers softening, 
clarifications, new polymer, in line clari- 
fication, and coagulant aids.—Nalco 
Chemical Company. 


76R 


Coating, Protective—A 4-page bulletin 
on Rexon coating no. 2 for protecting 
concrete pipe inside and out, from cor- 
rosive attack—Hamilton Kent Mfg. Co. 


77R 


Coating, Protective—This bulletin dis- 
cusses use of Parlon Coatings on mu- 
nicipal and industrial plants.—Hercules 
Powder Co. 


78R 


Combined Thickening and Clarification 
—Bulletin SM-1018 describes new Clari- 
Thickener sewage clarification are com- 
bined in a single treatment unit. Oxida- 
tive liquids are used to control septicity 
in Clari-Thickener operation. In many 
sewage treatment operations, Clari- 
Thickener treatment can eliminate need 
for separate thickening and clarification 
units.—The Eimco Corp. 


79R 


Comminutor—Bulletin 185-D presents 
complete data, details and installation 
information on the company’s com- 
minutor.—Chicago Pump. 

80R 


Compacting Mill—Literature describes 
compactor and equipment used to pro- 
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vide a low-cost, mechanical means for 
converting or upgrading particle size, 
tor controlling product density and prod- 
uct solubility factors——Allis-Chalmers 
Mig. Co. 


8iR 


Concrete Pressure Sewer Pipe—A fold- 
er discussing features and standards of 
concrete pressure sewer pipe—Price 
Brothers Co. 

82R 

Concrete Pressure Water Pipe—A book- 
let explaining and illustrating the proper 
method of laying concrete pressure 
pipe. The steps discussed are: digging 
the trench; checking grade; handling 
the pipe; lubricating joint rings; making 
the joint; checking the gasket; grade 
and line changes; completing the joint; 
bedding the pipe; and the use of pull 
jacks.—Price Brothers Co. 


83R 
Concrete-Treating—F older 
of sodium silicate 
harder, dustproof, acid-resistant and 
moisture-resistant. Cleaning concrete 
also detailed —Philadelphia Quartz Com- 
pany. 

'4R 

Construction Tools—lIllustrated 4-page 
bulletin covers rock drills, paving break- 
ers, diggers, spades and tampers with 
full variety of standard and specialized 
steels and other accessories.—Schramm, 
Inc. 

85R 

Continuous Belt Drum Filter—Bulletin 
F-2053 describes Eimco Belt filter’s 
unique operating principle which re- 
moves the belt filter medium from the 
drum continuously for cake discharge 
and cleaning. Wash sprays scour the fil- 
ter medium front and back before it is 
returned to the drum, a functign that 
effectively eliminates binding of filter 
medium even dewatering difficult sew- 
age sludges——The Eimco Corp. 


86R 


Control Panels—New brochures describe 
various types of controls for integrat- 
ing any vented tank system, pressure 
tank system or tankless system for wa- 
ter, waste or industrial processing and 
telemetering—Autocon Industries, Inc. 


87R 


Controlled Closing Air Valve—Specific- 
ally designed to protect transmission 
lines against the dangerous effects of 
water hammer. Type CCAV valve con- 
tains unusual features of construction, 
which should be a part of every water 
transmission line and is described in 
bulletin 1225.—Simplex Valve & Meter 
0. 


88R 


Controllers—Catalog C100-1A describes 
Tel-O-Set Miniature pneumatic instru- 
ments for measurement and control in 
water filtration plants—Minneapolis- 
Honeywell Regulator Co. 


89R 


Copper Sulphate—Two booklets on the 
use of copper sulphate. “Copper sulphate 
in control of Microscopic Organisms”, 
and “Copper sulphate for Root and 
Fungus Control in Sanitary Sewers and 
Storm Drains.”—Phelps Dodge Refin- 
ing Corp. 


covers use 
to make concrete 


90R 

Copper Sulphate—A 13-page booklet de- 
scribing the use and application of sul- 
phate in water treatment and algae con- 
trol, and containing charts of chemi- 
cals required for various treatments.— 
Tennessee Corp. 


91R 

Corrosion Control—This bulletin pre- 
sents the uses and advantages of Calgon 
Composition TG in treating cooling wa- 
ter systems and municipal water sys- 
tems to control the formation of corro- 
sion—Calgon Company Div. of Hagan 
Chemicals & Controls, Inc. 


92R 

Cutters, Pipe—Operating instructions 
and parts breakdowns are available for 
any of the Cutter Models in convenient 
4-page brochures, with simple steps of 
operation clearly illustrated —Wheeler 
Mfg. Corp. 

93R 

Cutters—Pipe, Hydraulic, Pressure Pipe 
—Catalog sheet has chart of capacities 
of various pipe cutter models and photo- 
graphs of each model. Cutters handle 
wide range of pipe sizes in cast iron, 
asbestos cement, terra cotta, corrosion- 
resistant and other relatively brittle pipe 
materials—Wheeler Mfg. Corp. 


94R 


Defoamant and Foam Control—Tech- 
nical data sheet provides information on 
Foamwilt, and effective all-weather de- 
foamant. Desirable characteristics and 
test results from various sewage plants 
are given, along with physical proper- 
ties —Fine Organics, Inc. 

95R 

Degritting Clarifier—This bulletin Num- 
ber 6412, describes the design, operation 
and advantages of a new degritting de- 
vice adaptable to both primary Clarifiers 
and Dorr Clarigester. Also included are 
installation photographs and _ sectional 
elevation drawings of typical grit han- 
dling facilities of this new design.— 
Dorr-Oliver Inc. 

96R 

Degritting Sewage—Bulletin #2508 de- 
scribes use of the DorrClone classifier 
as a grit removal unit. Description, op- 
eration, applications and advantages of 
this new method are included with spe- 
cifications and illustrations.—Dorr- 
Oliver Inc. 


97R 


Densludge Digestion System—Bulletin 
6262 describes the development, equip- 
ment, operation, typical applications and 
design loadings of this new sewage 
sludge digestion system and the means 
by which digestor capacity requirements 
= substantially reduced—Dorr-Oliver 
ne. 


98R 

Desanding System—Literature describes 
and illustrates the Dorr-Clone desand- 
ing system for water supplies.—Dorr- 
Oliver Inc. 

99R 

Diatomite Filters— Bulletin 1860-PI and 
1860.20 on diatomaceous earth filters.— 
Proportioneers Div., B-I-F Industries. 
100R 

Diatomite Water Filters—Bulletin 6002 
features the new General Filter Co. 
Diaqua filters. The completely non-cor- 


rosive plastic filter elements insure econ- 
omy and long life. Precoating, filter- 
ing, and cleaning procedures are de- 
scribed with illustrations. Typical in- 
stallations—General Filter Co. 


101R 

Digester Cover Roofing—A new con- 
cept in roofing for digester floating 
covers is described in bulletin 333. This 
roofing is said to provide longer life 
with better insulation and minimum 
maintenance.—Pacific Flush Tank Co. 
102R 

Digestion Equipment—Bulletin 145 de- 
scribes in detail advantages, design, con- 
struction and operation information on 
the company’s Catalytic Reduction 
Process for accelerated sludge digestion. 
—Chicago Pump. 


103R 


Distributor “Water-Wheel” Distributor 
—For trickling filter systems up to 
maximum flow of 50, g.p.d. Eight- 
page specifications——Yeomans Brothers 
Company. 

104R 

Double Suction Split Case Pump—4 
page bulletin No. 1200 describes double 
suction, horizontally split case centrifu- 
gal pumps for long-life, low-cost munici- 
pal water pumping service—The Wein- 
man Pump Mfg. Co. 


105R 

Effluent Sampler—Bulletin describes the 
sampler and gives operating instructions. 
—Phipps & Bird, Inc. 


106R 


Electric Motors—High Speed Squirrel 
Cage Bulletin 210 illustrates and de- 
scribes large high speed squirrel cage 
motors from 100 to 5000 HP, at speeds 
from 514 to 3600 RPM. Complete de- 
scription of design and construction, 
with individual photos of sub-assemblies 
and the new simplified method of mainte- 
nance and servicing.—The Ideal Electric 
and Mfg. Co. 


107R 


Electric Motors—Large Vertical, 150 
HP and larger. Bulletin 219 describes 
Ideal Hollow and Solid Shaft Squirrel 
Cage, synchronous and wound rotor 
motors. Bearing and coupling data, and 
sample specifications, along with com- 
plete cutaways of all units—The Ideal 
Electric & Mfg. Co. 

108R 

Electric Motors—This bulletin contains 
the line of U.S, Motors. Descriptions 
and full-color illustrations are included 
of open-type Uniclosed designs, totally- 
enclosed and explosion-proof types, Var- 
idrives, Syncrogears, and right-angle 
worm gear models; also vertical motors 
and Verticlosed hollowshaft types.— 
U.S. Electrical Motors, Inc. 


109R 


Electrical Control Panels—This bulle- 
tin describes typical custom electrical 
control panels for sewage lift stations, 
water and sewage plants—Smith & 
Loveless, Div. Union Tank Car Com- 
pany. 


110R 


Elevated Steel Tanks—A new 20-page 
brochure describing Horton spheroidal, 
ellipsoidal and radial-cone elevated steel 
tanks of welded construction. Illustrates 
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a number of industrial and municipal 
tanks, describes dual service of tanks 
for general use and fire-protection. Lists 
table of standard capacities up to 3,000,- 
000 gallons.—Chicago Bridge & Iron 
Co. 

111R 


Elevated Water Tank—A handsome 8- 
page folder in full color describes the 
advantages and features of Graver’s new 
and striking design for the “Aquatore”. 
The first new and distinctive design in 
elevated tanks in almost a quarter cen- 
tury, the Graver “Aquatore” places a 
torus-shaped tank on a single flared 
column. The result is a simple but strik- 
ing landmark for a progressive, modern 
community.—Graver Tank & Mfg. Co., 
Div.—Union Tank Car-Co. 


112R 


Elevated Water Tanks—<A 16-page bro- 
chure describing the Watersphere and 
Waterspheroid. The modern structures 
are used in municipal and private water 
systems to provide gravity pressure for 
general service and fire protection, and 
this use is described in the booklet. A 
portion of the booklet illustrates the 
“skyline advertising” use of these struc- 
tures.—Chicago Bridge & Iron Co. 


113R 


Engines—A series of 4 bulletins de- 
scribing Climax 4, 6, 8 and 12 cylinder 
gas engines in a range of sizes up to 
600 hp. These engines are capable of 
operation on natural gas, butane, sew- 
age gas, gasoline or a combination of 
any two of these fuels——Climax Engine 
Manufacturing Co. 


114R 


Engines—aA series of 4 bulletins describ- 
ing Roiline 6, 8 and 12 cylinders gas 
engines in a range of sizes up to 685 hp. 
These engines are capabie of operation 
on natural gas, butane, sewage gas, gaso- 
line or a combination of any two of these 
fuels —Waukesha Motor Co. 

115R 

Engines, Sewage Plant—A 20-page bul- 
letin showing dual fuel engines, diesel 
engines and spark ignition engines. 
Contains engine selection chart, com- 
parison fuel gas analysis chart and oth- 
ers.—Worthington Corp. 

116R 

Epoxy Linings for Sewer Pipe—Cata- 
log describing a 100% solids epoxy resin 
lining extended with an inert filler which 
gives acid resistance to concrete sewer 
pipe—material can be applied for new 
pipe or in existing lines, 24”-144” in 
diameter, thickness of %” to %”—Cen- 
triline Corp. 

117R 


Fabrication and Erection—An impress- 
ive 4-page folder describes the many 
different types of steel and alloy prod- 
ucts which Graver design, fabricates 
and erects for municipalities and indus- 
tries. Custom designed and built to meet 
specific requirements, the Graver prod- 
ucts illustrated in this bulletin reveal 
the competence and craftsmanship of 
this century-old supplier—Graver Tank 
& Mfg. Co., Div—Union Tank Car Co. 
118R 


Fastite Joint, Cast Iron Pipe—A bro- 
chure on Fastite joint pipe for water 
sewage and other liquid service. The 
brochure gives a complete description 
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of pipe joint, photograph and text show 
the proper methods of assembly in the 
field, specifications and photograph of 
typical installations. Tables containing 
weights, working pressures and recom- 
mended deflections are also included.— 
American Cast Iron Pipe Co. 

119R 

Feeding, Proportioning or Batching— 
The Feedoweight, a powered feed regu- 
lating machine, automatically feeds, 
blends, and proportions materials con- 
tinuously by weight. Bulletins 158, 253, 
and 851 provide a complete explanatory 
text and are complete with numerous 
graphs, diagrams, and photographs.— 
Merrick Scale Mfg. Co. 


120R 


Ferri-Floc—A 38-page booklet describ- 
ing the use and application of ferric 
sulphate in all phases of coagulation.— 
Tennessee Corp. 

121R 

Filter, Automatic Backwash—Bulletin- 
46-A illustrates and describes how this 
automatic backwash sand filter traveling 
carriage cleans the compartmented fil- 
ter bed section by section without in- 
terrupting the normal filtering opera- 
tion.—Hardinge Company, Incorporated. 
122R 

Filter Bottoms—Information on FECO 
“FRE-FLO” Filter Bottoms is given 
in bulletin 1-32. Complete information 
and typical drawings upon request.—Fil- 
tration Equip. Corp. 

123R 


Filter Fly Control—This is a descriptive 
brochure on Formula R.S.C. insecticide 
with instructions on how to use it for 
control of Psychoda flies, both in trick- 
ling filter beds and on surrounding 
premises. Formula R.S.C. contains an 
inhibitory factor which prevents Psy- 
choda from developing a resistance to 
it. Bulletin R-626—Glenn Chemical 
Company. 

124R 


Filter Media—Bulletin on “Anthrafilt” 
tells the reasons why selected, graded. 
crushed anthracite is superior to sand 
as a filtering material—Anthracite 
Eauipment Corp. 

125R 

Filter Plants—Filter plants for the re- 
moval of iron, manganese, taste, odor, 
and gas are described in a new Gener- 
al Filter bulletin. Various problems are 
listed and answers given. Four basic 
treatment methods are described and 
graphically shown in drawings. Actual 
installations in all parts of the country 
are shown.—General Filter Co. 

126R 


Filter Underdrains—Porous Media bul- 
letin describes ceramic bonded plates 
for use in water filters, softeners, etc., 
eliminating graded gravel support for 
filter media—The Carborundum Com- 
pany 


127R 


Filter Underdrains—Shape bulletins 
TF-5 and TF-8 contain useful informa- 
tion on Natco salt glazed Tri-Filter 
Blocks, which are available for both 
standard and high rate trickling filter 
systems—Natco Corp. 

128R 


Filters—General information on 


Ro- 


berts filters for municipal water puri- 
fication industrial water rectification, 
swimming pool recirculating systems 
and pressure filters—Roberts Filter 
Mfg. Co. 


129R 


Filters, Vacuum—Bulletin 1860-20-1 de- 
scribes Model VFC corrosion resistant, 
fiberglass construction, which makes 
this filter impervious to algae, oils, most 
chemicals, bacteria, dirt, etc. Low initial, 
operating and maintenance  costs.— 
Proportioneers Div., B-I-F Industries. 


130R 


Financing Water and Sewage Works— 
This booklet is designed planning and 
financing water and sewage works. It 
points out the need for sanitation facil- 
ities and stresses the revenue bond meth- 
od of financing. Also discussed are 
factors to be considered in a determina- 
tion of fair rate schedules for water and 
sewage charges.—Portland Cement As- 
sociation. 


131R 


Fire Hydrants—44 page bulletin no. 
5710 gives complete information on the 
Darling B-50-B Fire Hydrants with Ball 
Bearings for ease of operation and “O” 
Rings instead of the usual stuffing box. 
—Darling Valve & Mfg. Co. 

132R 

Fire Hydrants—This 
illustrates. and describes the Ludlow 
slide gate type of hydrant.—Ludlow 
Valve Manufacturing Co., Inc. 

133R 

Fire Hydrants—A 20-page catalog H53 
showing a complete line of AWWA ap- 
proved hydrants together with detailed 
illustrations of construction, mechanical 
drawings, bills of materials, approved 
construction, installation and inspection 
data—Agy P. Smith Manufacturing Co. 
134R 


Fire Hydrants—Literature on Mathews 
modernized, Mathews flanged barrel and 
R. D. Wood swivel joint fire hydrants 
conforming to latest AWWA specifica- 
tions and of designs to meet any require- 
ment. Also lists gate valves.—R. 
Wood Co. 

135R 


Fire Hydrants & Gate Valves—Compact 
brochure describes all the features of 
Mueller AWWA Improved Fire Hy- 
drants and AWWA Gate Valves. Many 
other illustrations show the types of 
hydrants available, and the more popu- 
lar end combinations to be had in gate 
valves, whether with “O” ring seals or 
conventional packing.—Mueller Co. 
136R 

Fire Hydrants, Gate Valves, Tapping 
Machines, etc.—A 12-page condensed 
catalog M58, available in either Spanish 
or English edition, showing Smith line 
of products. Hydrants, gate valves, tap- 
ping machines, sleeves, tapping valves, 
cut-in sleeve & valve, inserting machines 
& valves, check valves and _ repair 
sleeves.—A. P. Smith Manufacturing 
Co. 

137R 

Fire Pumps—Literature tells of fire and 
low-pressure (booster) pumps approved 
by Underwriters Laboratories, Inc., or 
Associated Factory Mutual Fire Insur- 
ance Companies for heads from 50 to 
145 psi and capacities from 500 to 2500 


18-page catalog 
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per minute.—Allis-Chalmers Mfg. 


gals. 
Co. 


138R 


Flexible Joint Cast Iron Pipe—Usiflex® 
flexible joint pipe for submarine install- 
ations where substantial deflection is 
needed. 8-page booklet describes joint 
and its assembly; table shows dimen- 
sions and weights.—U.S. Pipe & Foun- 
dry Co. 


139R 


Float-Treat System—For water, sew- 
age and wastes treatment. Bulletin de- 
scribes in detail the process in which 
suspended organic matter and usual 
chemical flocs are removed from proc- 
ess liquids by flotation——Chain Belt Co. 


140R 

Floating Covers—This brochure gives 
design and application data on positive, 
non-tipping construction of Chicago- 
Wiggins Pontoon Digester Floating 
Covers.—Chicago Pump. 


141R 


Floating Covers—A bulletin that covers 
in 40 pages the theory of control di- 
gestion with digester design considera- 
tions, digester operation and floating 
cover construction details.—Pacific Flush 
Tank Co. 


142R 


Flocculation Equipment—This bulletin 
covers the pretreatment of water. Rex 
Floctrol design and arrangement are 
covered in detail. Information on Rex 
Slo-Mixers and Rex Flash-Mixers is 
included.—Chain Belt Co. 

143R 

Flocculation Equipment—An 8-page 
booklet, “Equipment For Chemical 
Flocculation” illustrates and discusses 
Link-Belts line of conveyors and eleva- 
tors for handling chemicals and flash 
and straightline mixers.—Link-Belt Co. 


144R 


Flocculators—Bulletin 6971 contains a 
description of Dorr-Oliver equipment 
used to perform the two basic steps of 
flash mixing and _ flocculation —Dorr- 
Oliver Inc. 


145R 


Floor Grating—A bulletin discussing 
riveted, pressure locked, types of alu- 
minum floor grating. General instruc- 
tion for ordering and charts on safe 
loads are given. Borden safety steps are 
also discussed—Borden Metal Products 
Co. 

146R 

Flow Measurement—Bulletin 115-LIA 
and 115-LIB on Dall Flow Tube; Bulle- 
tins 110-NI & 110-NIA on Venturi 
Tubes; 135-F2A & 135.20-I Kennison 
Nozzles; and 380-K4A & 380-K4B on 
Propeloflo meters.—Builders-Provi- 
dence, Div., B-I-F Industries. 


147R 


Flow Tubes—Bulletin 115.20-1 provides 
complete information about the new low 
cost corrosion-resistant plastic insert 
Dall Flow Tube to meter acids, alkalies, 
slurries and gases.—Builders-Providence 
Div., B-I-F Industries. 


148R 


Fluoridators—Bulletin TP-69-M de- 
scribes a Volumetric Fluoridator. An ac- 
curate and dependable dry feeder, the 


Series A-378-is ideal for water supplies 
up to 7 million gallons a day.—Wallace 
& Tiernan Inc. 


149R 

Fluoride Feeders—This bulletin 50-K3A 
describes the Omego fluoridizer for ac- 
curate continuous volumetric feeding 
of fluoride compounds.—Omega Div., 
B-I-F Industries. 


150R 


Gas Pumps—Bulletins S59-G and S65-C 
covering gas pumps of the rotary posi- 
tive pressure class, featuring oil free, 
metered delivery of gas up to 10 psig, 
single stage.—Sutorbilt Corp. 


151R 


Gas Safety Equipment—This bulletin 
provides capacity curves along with de- 
tailed drawings of a complete line of 
gas safety equipment designed expressly 
for sewage sludge gas. The bulletin 
also pictures a number of typical instal- 
lations and provides a standard layout 
of a digester gas piping system.—Paci- 
fic Flush Tank Co. 

152R 

Gate Valve, Bonnetless—Literature de- 
scribes fabricated bonnetless gate valve, 
designed for handling fibrous, viscous 
and slurry type flows.—DeZurik Corp. 
153R 

Gate Valves—A 64-page catalog V56 
showing a complete line of AWWA ap- 
proved valves with all types of controls, 
mechanical drawings, bills of materials, 
optional construction, and technical data. 
—A. P. Smith Manufacturing Co. 

154R 

Glazed and Unglazed Face Brick—Light 
Construction Catalog SB-60 describes 
and illustrates the wide range of Natco 
Standard, Roman, Norman and SCR 
Face Brick.—Natco Corp. 

155R 

Gratings—Booklet discusses in detail 
the construction, design and load capac- 
ity of corrosion resistant aluminum 
gratings. Also contains information on 
aluminum stair and ladder treads.— 
Washington Aluminum Co. 

156R 

Gravity Sewer Pipe—New crushing 
strengths, 4 page folder AP-19 describes 
five engineering classifications of K&M 
asbestos-cement gravity sewer pipe. In- 
tended as an aid to engineers to help 
them meet more exactly, the require- 
ments of soil conditions, as well as 
depth of trench, width of trench; man- 
ner of bedding. Crushing strengths, 
sizes and a crushing table based on the 
Marston formula are presented.—Keas- 
bey & Mattison Co 

157R 

Grit Collecting Washing Equipment— 
Book 2571 is the latest publication pres- 
ently being distributed. The 28-page 
book is profusely illustrated, tab indexed, 
and three-hole punched for permanent 
retention in the Link-Belt Sanitary En- 
gineering Binder. Link-Belt Company. 

158R 

Grit Collectors—The 5 basic types of 
Rex grit collectors, making a broad 
comprehensive line, are covered in this 
bulletin —Chain Belt Co. 

159R 


Grit Collectors—Grit 


collection units 


with the recirculation feature for satis- 
factory conditioning, completely mech- 
anized and incorporating proportional 
weirs for velocity control are described 
in Bulletin 315-41.—Chain Belt Co. 


160R 

Grit Removal—This bulletin and tech- 
nical supplement describe the grit con- 
veyor, grit hydrowash, grit elevator and 
“American” Camp regulator for grit 
removal by velocity regulation and 
mechanical means.—American Well 
Works. 


161R 


Grit Separators—Eimco-Process sepa- 
rators are built in five separate types, 
to handle any specialized application 
need. Valuable speed drives for varying 
flows. Bulletin SM-1007—The Eimco 
Corp. 


162R 


Gunite—This 48-page booklet illustrates 

Gunite for repair and restoration to 

all existing concrete and masonry struc- 

tures. Typical specifications are listed. 
-Pressure Concrete Co. 


163R 


Heat Exchanger—Bulletin 6281 on the 
spiral heat exchanger, an external ele- 
ment of the spiral flow type for con- 
trolling digestion tank temperatures.— 
Dorr-Oliver Inc. 


164R 


Heat Exchangers—A 28-page bulletin 
presents a concise explanation of effec- 
tive digester heating, scum_ control and 
operation of the P. F. T. Sludge Heat- 
er. Bulletin includes a method of com- 
puting size of heater and heat exchang- 
ers and table with complete size and op- 
erating data—Pacific Flush Tank Co. 
165R 

Horizontal Compressors—This 24-page 
bulletin discusses single stage, 10-150 
psi, 5-2000 cfm compressors. It also 
contains drawings and specifications.— 
Worthington Corp. 

166R 

Hydra-Pneumatic Controls—Literature 
describes the new Flow-Trol Hydra- 
Pneumatic system for combination air- 


water valve control.—F. B. Leopold Co., 
Inc. 

167R 

Hydrant’s Fire—Twelve page circular 
describing standard, traffic and flush 
models of fire hydrants, how to install, 
lengthen and repair, and special features. 
Circular No. 22—M & H. Valve and 
Fittings Co. 

168R 

Hydro-Classifiers—Bulletin 39-C de- 
scribes the Hydro classifier design that 
is similar to that of the circular clarifier 
and thickneners with a generally shal- 
lower tank and adjustable weir—Hard- 
inge Co., Inc. 

169R 

Hydrofluosilicic Acid—A brochure on 
Hydrofluosilicic acid and it’s uses for 
fluoridation by municipalities—lInter- 
national Minerals & Chemical Corp. 
170R 

Hydrogen Zeolite Softener—Provides 
general description of unit for control of 
hardness, alkalinity, total dissolved sol- 


ids, and corrosive CO.—Allis Chalmers 
Mfg. Co 
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171R 


Hypochlorinator—A bulletin describing 
a Heavy Duty Midget Chlor-O-Feeder 
as an all purpose, positive displacement, 
diaphragm pump for fluids such as hy- 
pochlorite, pH correctives, and abrasive 
slurries. The midget delivers 0.5 to 9 
gph against pressures up to 85 pisg. 
Bulletin 1201-2.—Proportioneers Div., 
B-I-F Industries. 


172R 

Hypochlorinators—Catalog 80.130 de- 
scribes Series A-747 Hypochlorinator 
(maximum capacity—250 gallons per- 
day) which is suitable for all chemical 
solutions used in water and sewage treat- 
ment. Series A-748, described in Cata- 
log 80.140, has dual heads, pumps twice 
the quantity, against up to 100 psi. Feed 
rates of both models are adjustable 
over a 10:1 range while the pump is op- 
erating.—Wallace & Tiernan Inc. 

173R 

Incinerator Stoker—Bulletin IS-1 gives 
complete information about the ‘“con- 
tinuous process” design and applications 
of the C-E Incinerator Stoker—Com- 
bustion Engineering, Inc. 

174R 

Indicators, Sight Flow—Bulletin F-6 de- 
scribes how Visi-Flo Sight Flow Indi- 
cators “put a window in your pipeline.” 
Let’s you know what is happening at 
all times: flow, purity, viscosity, etc.— 
OPW-Jordan Corporation. 

175R 


Industrial Waste Treatment—“Industrial 
Waste Treatment” is the title of a 6- 
page brochure on handling wastes for 
recovery or disposal and equipment 
available to do the job. Bull. No. 315-11. 
—Chain Belt Co. 


176R 

Industrial Waste Treatment—66 page 
catalog outlines entire line of equipment 
for industrial waste treatment.—Jeffrey 
Mfg. Co. 

177R 


Instrument, Accessories—60 page cata- 
log containing specifications, part num- 
bers and prices on the more than 250 
commonly furnished Foxboro instru- 
ment parts and supplies—Foxboro, Co. 
178R 


Instrumentation—Data sheets for in- 
strumentation on water and sewage 
treatment plants; the different types of 
equipment used and their application — 
Fischer & Porter Co. 

179R 


Instrumentation—A 16-page booklet 
covering Foxboro instruments manufac- 
tured for water and sewage works ap- 
plications —Foxboro Co. 

180R 


Instrumentation—Bulletin B96-1  in- 
cludes detailed description of control 
systems for all phases of municipal and 
industrial water treatment processes.— 
Minneapolis-Honeywell Regulator Co. 
181R 

Joint Cut-In-Valves—Specifications, in- 
stallation illustrations and explanatory 
text are included in this bulletin on 
mechanical joint cut-in valves and 
sleeves.—A. P. Smith Mfg. Co. 

182R 


Joints, Rubber—20 page booklet describ- 
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ing Tylox rubber gaskets for leakproof 
coupling of concrete and vitrified clay 
sewer pipe.—Hamilton Kent Mfg. Co. 


183R 

Joints, Slip—Brochure on Crispin slip 
joints describing safe, fast way to re- 
move and replace fixtures when repair- 
ing lines etc-—Multiplex Mfg. Co. 


184R 


Large Dial Gauges—Where large dial 
gauges are still required for filter plant 
operation, it will be of interest to the 
designing engineer to have details and 
dimensions for this type of gauge. While 
this form of gauge may be mechanically 
or electrically operated, pneumatic op- 
erations also available. Described in bul- 
letin 1002.—Simplex Valve & Meter Co. 
185R 

Lift Stations—Bulletin No. 121 describes 
in detail the company’s UT Packaged 
Underground Lift Station with Flush- 
Kleen Sewage pumps.—Chicago Pump. 
186R 

Lift Stations Prefabricated Lift Sta- 
tions—Factory-built underground sew- 
age lift stations equipped with centri- 
fugal pumps or pneumatic ejectors are 
detailed in separate 8-page catalogs.— 
Yeomans Brothers Company. 


187R 


Lime Slaker—Bulletin #7281 describes 
the Dorrco Claker as a self-contained 
unit for continuous lime slaking and the 
washing and removal of grit—Dorr- 
Oliver Inc 


188R 


Lime Slakers—Catalog 330.100 describes 
the Series A-758 Lime Slaker which pro- 
portions water and quicklime automat- 
ically and continuously to slake lime as 
a paste. External hot water and heat 
exchanger equipment are eliminated. 
There are two sizes: 1000 and 4000 Ibs. 
per hour.—Wallace & Tiernan Inc. 


189R 


Liquid Chemical Feeders—Bulletins de- 
scribe various liquid chemical feeders 
(diaphragm pumps) available for a wide 
range of uses. Feeders are versatile, 
economical, and resistant to corrosion. 
Catalog 80.120 shows the Chlorinet® 
model, designed for small water systems 
such as farms, camps, motels, swimming 
pools, etc.—Wallace & Tiernan Inc. 


190R 


Low Pressure Meter—Literature, de- 
scribes a propellor type low pressure 
line meter for measuring large water 
volumes in closed conduits—Hersey- 
Sparling Meter Co. 


191R 


Main Cleaning—Water Pressure re- 
stored to original capacity without new 
mains or pumping equipment. Clogged 
sewers and water pipes cleaned with 
custom-built power equipment that re- 
moves tuberculation and mineral depos- 
its—Ace Pipe Cleaning, Inc. 

192R 

Manhole Frames and Covers—Descrip- 
tive literature and catalog illustrating 
standard size manhole frames and cov- 
ers, cast iron inlets and other municipal 
castings.—Opelika Foundry Co., Inc. 
193R 


Materials Handling—Catalog 380.010 de- 
scribes methods of handling dry, free- 


flowing solids. In text and illustrations, 
it shows problems of moving material, 
methods of bin design, and choice of 
hoppers and spouts.—Walace & Tiernan 
Inc. 


194R 


Mechanical Joint—A catalog describing 
different types of pipe and fittings con- 
nected with mechanical joints —Alabama 
Pipe Co. 


195R 
Mechanical Joint—Booklet includes di- 
mensions and weights of mechanical 


joint cast iron pipe and fittings ——U-S. 
Pipe & Foundry Co. 


196R 


Mechanical Rack Rake—Booklet de- 
scribing operation of custom-built New- 
port News mechanical rakes for clean- 
ing trash racks at water intakes, Details 
on rack hoist machinery, attachments 
for special trash cleaning problems, and 
methods of trash removal are given. 
Diagrams and representative specifica- 
toins on typical installation arrange- 
ments are shown.—Newport News Ship- 
building & Dry Dock Co. 


197R 


Meter Boxes—Brochure and catalog il- 
lustrating cast iron meter boxes, man- 
hole frames and covers, cast iron inlets 
and other municipal castings.—Opelika 
Foundry Co., Inc. 


198R 


Meter Repair—This complete, well il- 
lustrated 16-page manual for the water 
meter shop tells how to set up a repair 
and test program, how to lay out the 
shop, and step-by-step repair instruc- 
tions. Indicate frost-proof or split case 
meters.—Neptune Meter Co. 


199R 


Meter Testing, Water—A 40-page book 
on methods and equipment for testing 
meters, including information on meter 
shop layout, meter performance, and a 
bibliography on meter maintenance.— 
Ford Meter Box Co., Inc. 

200R 

Meters, Remote Reading—Detailed de- 
scription and specifications of new, im- 
proved method of meter reading. New 
TELEREAD metering unit transmitts 
the volume of water used, by means of 
precision built potentiometers, to a spe- 
cial readout unit carried by the meter 
reader. All readings are taken outside 
the house, for fast, accurate residential 
meter readings.—Buffalo Meter Co., 
Inc., Subsidiary of American Meter Co. 
201R 


Meters, Sewage Gas—Bulletin C-5200 
describes the company’s entire line of 
sewage gas meters, both large and small 
capacities.—Rockwell Manufacturing Co 
202R 


Meters, Sewage Gas—Bulletin M-258 
covers rotary positive displacement 
meters for measuring all types of gases, 
at flow rates ranging from 4000 CFH to 
1,000,000 CFH, designed for service at 
25, 60, and 125 PSIG.—Roots-Conners- 
ville Blower. 


203R 
Meters, Water—General catalog illus- 
trates and describes Badger, Disc me- 


ters, frost proof and split case types, 5%” 
through 4” sizes. Compound meters 2” 
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through 10” sizes. Turbine meters 2” 
through 12” sizes. Multiple meter test- 
ers and meter coupling yokes.—Badger 
Meter Mfg. Co. 


204R 


Meters, Water—New, fully illustrated 
catalog of complete line of residential, 
commercial, and industrial plant water 
meters. Detailed specification of AMER- 
ICAN disc type, positive displacement 
meters for use in freezing temperatures 
or moderate climates. Sizes % to 6 
inches.—Buffalo Meter Co., Inc., Sub- 
sidiary of American Meter Company. 
205R 

Meters, Water—Hersey Water Meters 
and Sparling Meters & Instruments. 
General catalog provides full informa- 
tion on disc meters (cold water) sizes 
%” through 6”, disc meters (hot water) 
sizes %” through 3”, compound meters 
(bronze case) 2” through 6”, compound 
meters (iron case) 8” and 10”, detector 
meters (fire service) 3” through 
10” x 12”, torrent meters (turbine type) 
2” through 12”, detector checks, 2” 
through 10”.—Hersey-Sparling Meter 
Co. 
206R 


Meters, Water—This catalog gives de- 
tails and specifications of Trident me- 
ters from % to 16” in size. Frostprdof 
and split-case meters for household use, 
style 3 meters for intermediate flows, 
and larger compound, crest and Pro- 
testus lire service meters are also cov- 
ered.—Neptune Meter Co. 


207R 


Meters, Water—Direct reading propeller 
type units for metering water and other 
free-flowing, non-corrosive liquids are 
described in this bulletin 65.20-1— 
Omega Div., B-I-F Industries. 
208R 


Microstraining—A 4-page brochure il- 
lustrating the 120 MGD Microstraining 
Installation at Denver, Colorado. De- 
scribes the project, test, results, con- 
tract, installation plan and benefits. Re- 
quest “The Denver Story” Bulletin— 
Glenfield & Kennedy, Inc. 


209R 


Mixflo Pumps—A 16-page bulletin on 
mixflo pumps for irrigation, drainage, 
sewage disposal, condenser circulating 
and low water supply. Performance 
curves and drawings are also included. 
—Worthington Corp. 

210R 


Modern Sewage Treatment—Bulletin 
6041 describes the distinguishing char- 
acteristics, types, sizes, applications and 
operation of major Dorr-Oliver sewage 
treatment equipment and presents a num- 
ber of typical plant flow-sheets. Also 
included are photographs and line and 
wash drawings of various units.—Dorr- 
Oliver Inc. 

211R 


Modular Controller—For Water Filtra- 
tion Plants—eliminates separate differ- 
ential producing venturi, drives and 
linkages, excessive piping, pilot valves, 
floor drains, separate actuators, and op- 
erating water supply. A unique but prov- 
en way to obtain close control of ef- 
fluent, and a simplified, efficient, and 
very economical control unit. Described 
-; bulletin 951—Simplex Valve & Meter 
oO. 


212R 

Monorake—This 12-gage bulletin, No. 
6001-R, presents the Dorroco Monorake. 
It describes the design, types and sizes, 
operation and advantages of this mech- 
anism for cleaning rectangular sedimen- 
tation basins and tabulates actual 
maintenance costs from a number of in- 
stallations—Dorr-Oliver Inc. 


213R 


Motor, Variable Speed—This informa- 
tive color bulletin describes the dis- 
tinguishing characteristics, types, sizes, 
and operation of U. S. Motors’ “Vari- 
drive”. The self-contained unit, embody- 
ing a motor and built-in speed trans- 
mission, allows changes of speed while 
operating and is available in a range of 
horsepower from % to 100.—U. S. Elec- 
trical Motors, Inc. 


214R 


Multi-Function Sewage Treatment— 
Bulletin SM-1016 describes Oxigritter 
sewage treatment unit, a new product 
that combines grit removal, pre-aera- 
tion and clarification in one double com- 
partment circular tank. In many sewage 
treatment operations, Oxigritter units 
can eliminate need for separate grit re- 
moval equipment.—The Eimco Corp. 


215R 


Municipal Sanitation—Bulletin No. 6043 
“Seven Developments for Municipal and 
Industrial Sanitation” assembles for re- 
view in a single brochure data on seven 
major D-O equipment designs and proc- 
ess developments introduced in the past 
three years. It includes photographs, 
line and wash drawings and descriptive 
sketches of each development.—Dorr- 
Oliver Inc. 


216R 

New Plug Valve—Folder describes the 
new ORISEAL Valve. This mainte- 
nance free valve is permanently lubri- 
cated and is easy turning in large sizes 
even after long periods of use.—Mueller 
Co. 

217R 


Oxidators—Eimco-Process Oxidators 
combine sedimentation and aeration in 
one tank, the air mixing and recirculat- 
ing previously settled sludge and floc 
with the influent Bulletin SM-1005—The 
Eimco Corp. 

218R 


Package Treatment Plant—New circular 
steel sewage treatment plant. Smaller, 
more compact, for shopping areas, re- 
sorts, factories, motels, home groups, 
etc. will accommodate 10-500 people 
with capacities of 1,000, 3,000, 5,000 
G.P.D. Bulletin 136.—Chicago Pump. 
219R 


Package Treatment Plant—Folder de- 
scribes the Comple Treator a self-con- 
tained complete waste treatment facil- 
ities for small plants. —Dorr-Oliver, Inc. 
220R 


Packaged Pump Stations—IIlustrated 
bulletin PS-60R provides the specifica- 
cations and operating features of the 
duplex pump stations. On-the-job photo- 
graphs show installation details —Tex- 
Vit Supply Co. 

221R 

Packaged Waste Treatment Plants— 
Bulletin describes the “American” “Oxy- 
Pak” plants including application and 


engineering data for population equival- 
ents up to 3000.—American Well Works. 
222R 

PeriFilter System—Combines conven- 
tional water pre-treatment and rapid 
sand filters in a single unit for econo- 
mies in handling 0.2 to 20 MGD. Bulle- 
tin #9042 offers choice of pre-treatment 
mechanisms with annular filter bed for 
all conditions.—Dorr-Oliver Inc. 

223R 

Phase Converters—Bulletins #123 and 
305 describe design features and advan- 
tages of the patented autotransformer 
phase converter which permits three 
phase electric motors to be operated 
from single phase lines in pumping and 
sewer lift stations. Special packaged 
units incorporating pre-wired motor con- 
trols are available for sewer lift sta- 
tions.—System Analyzer Corp. 

224R 

Pipe, Cast Iron Pressure—Facilities bro- 
chure describing cast iron pressure pipe 
in 20’ lengths for water and gas. Bro- 
chure describes area serviced, selection 
of pipe joints available, layout of the 


plant and method of manufacture. — 
Griffin Pipe Div. 


225R 


Pipe, Concrete, Sewer and Storm Drain 
—A 12-page illustrated brochure. In- 
cludes specifications, typical installa- 
tions, and engineering detail._—American 
Pipe & Construction Co. 

226R 


Pipe, Plastic—Complete data and de- 
scriptive literature on all types of plastic 
pipe (ABS, Polyethylene, PVC, Chem- 
Weld drain pipe, Telec-Con plastic con- 
duit). Recommended applications in- 
clude water systems, lawn sprinkling 
systems, swimming pool drain and sup- 
ply lines, waste and sewage drain lines. 
—Southwestern Plastic Pipe Co. 

227R 

Pipe, Sewer, Asbestos-Cement—“Trans- 
ite® Sewer Pipe,” made of asbestos- 
cement, available in 11 different diam- 
eters ranging from 6” to 36” and in 5 
new crushing strengths to permit great- 
er efficiency in system design. Ring- 
Tite® Coupling, designed for high- 
speed assembly, provides tight, long- 
lasting seal. Easy-to-assemble Transite 
sewer fittings with Ring-Tite assembly 
also furnished. For complete informa- 
tion, write for brochure TR-165A 
(Transite Sewer Pipe), TR-94A (Sewer 
Design Flow Chart), and DS-366 (Tran- 
site Specifications).—Johns- Manville. 
228R 


Pipe, Steel—A series of seven, 8-page 
brochures tell how steel pipe meets the 
7 essential requirements for a water 
pipe line: 1. Outstanding strength, 2. 
Extreme durability and long life, 3. 
Economy of installation and mainte- 
nance, 4. High carrying capacity, 5. 
Ductility and adaptability, 6. Great re- 
liability and resiliency, and 7. Bottle- 
tight joints——Steel Plate Fabricators 
Association. 

229R 


Pipe, Water, Asbestos-Cement—The in- 
stallation, operation and maintenance 
economies of Transite® Pipe and the 
Ring-Tite® Coupling for pressure water 
lines are described and illustrated in 
four pieces of literature available to the 
water utilities management. They in- 
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clude (1) DS-335—a material specifica- 
tion (2) TR-15A—a Friction Loss of 
Head and Flow Powergraph (3) TR- 
160A, in service characteristics and case 
histories of Transite Water Pipe. Tables 
of weights, sizes and pressure classes 
also included.—Johns- Manville. 


230R 


Pipe, Water, Reinforced Concrete—A 
28-page, illustrated brochure featuring 
American Concrete Cylinder Pipe de- 
signed for the transmission of water 
under pressure. Features pipe detail, 
. joint detail, installation and tapping de- 
tail, and list of representative installa- 
tions.—American Pipe & Construction 
Co. 

231R 

Pipe Cutters—Catalog No. 41 gives de- 
scriptive information on Ellis Pipe Cut- 
ters for cutting Cast Iron Steel Pipe 


in sizes from 4 to 16 inches.—Ellis & 
Ford Mfg. Co. 

232R 

Pipe Detectors—Bulletins WS-1, WS-2, 
and WS-3, provide complete informa- 
tion on the latest type pipe detector, box 
and valve detector, and pipe-leak detec- 
tor respectively. Also available is a 24- 
page manual (WS-4) on common prob- 
lems encountered with pipe and leak de- 
tection work, and how to solve them. 
—Computer Measurements Company, 
Detectron Div. 


233R 


Plastic Pipe—A new bulletin describes 
the new Ace Riviclor Chemical-Resist- 
ant. Plastic Pipe, Fittings and Valves. 
The} bulletin includes technical proper- 
ties; a table of resistance to chemicals, 
data: on sizes, pressures, dimensions, 
pricés for pipe, fittings and valves from 
¥% to 2 in. Instructions for treading, 
forming and other installation opera- 
tions are also given—American Hard 
Rubber Division, American Corp. 


234R 


Pneumatic Ejector—Bulletin No. 3408 
gives a complete description of pneu- 
matic ejector systems including princi- 
ples of operation, construction features, 
operating arrangements, methods of se- 
lection, air compressor and tank sizing, 
and layout dimensions for both single 
and duplex stations ranging in capacity 
from 30 gpm to 600 gpm.—Ralph B 
Carter Co. 

235R 

Pneumatic-Master Control System—An 
outline and brief description of the Sim- 
plex Pneumatic Master Control System 
for water filtration plants is found in 
Technical Bulletin 751, which contains 
an interesting flow diagram showing lo- 
cations of vital equipment items for this 
system.—Simplex Valve & Meter Co. 
236R 

Pneumatic Transmitter—Bulletin 285- 
L2B & 285.20A-1 describes the BalanCel 
transmitter as a simple force-balance de- 
vice for transmission of flow, level, and 
pressure data. Also for the summation, 
averaging, etc., of two quantities — 
Builders-Providence Div., B-I-F Indus- 
tries. 

237R 

Power Sewer Cleaners—current catalog 
illustrates and describes the improved 
models of Sewerkings—all-power, auto- 
matic, cable type machines which re- 
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duce sewer cleaning costs 50%-75% by 
one-man operation and manhole to man- 
hole reach.—O’Brien Manufacturing 
Corp. 

238R 

Proportioning Pump—Bulletin 1260-2 & 
1260-3 describes an automatic and pro- 
portioning chemical feeder, the Chem- 
O-Feeder which utilizes water from the 
main itself and which will feed disinfec- 
ting solution in proportion to variable 
flow in the main.—Proportioneers Div., 
B-I-F Industries. 


239R 

Proportioning Pumps—Bulletin 420.200 
describes new line of plunger pumps, 
suitable for feeding all chemical solu- 
tions used in water and sewage treat- 
ment. Pumps have minimum range of 
less than 1 gallon per hour. Various 
units may be “ganged” giving almost 
limitless maximum capacity of several 
thousand gph. Pneumatic controller de- 
scribed in Catalog 420.690, allows pump- 
ing rate to be regulated by other equip- 
ment, such as dry feeders, or any ex- 
ternal air supply.—Wallace & Tiernan 
Inc. 

240R 

Pump Controllers—This bulletin de- 
scribes purged air and static pump con- 
trollers, and gives the different appli- 
cations for each type. Controllers are 
suitable for both sewage and clear wa- 
ter.—Healy-Ruff Company. 

241R 

Pumps—bladeless sewage and_ trash. 
Bulletin 5400K—Covers horizontal and 
vertical bladeless sewage and trash 
pumps. Diagrams, dimensions, selection 


tables and performance curves shown.— 
Fairbanks, Morse & Co. 

242R 

Pumps—centrifugal split case single 
stage, Bulletin 5874-4, describes these 
pumps as particularly recommended for 
municipalities to operate at high speeds 
against heads which generally require 


pumps of two stage type.—Fairbanks, 
Morse & Co. 


243R 


Pumps—A complete line of self-prim- 
ing centrifugals, sewage and sludge 
pumps. Bulletins and _ specifications 
available—The Gorman-Rupp Co. 
244R 

Pumps, Axial and Mixed Flow—Bulle- 
tin G-100 includes construction and de- 
sign details, typical installations, and 
suggested station arrangements. Bulle- 
tin F-102 covers Mixed Flow Volute 
Type pumps.—C. H. Wheeler Mfg. Co. 
245R 

Pumps-Centrifugal—Bulletin carries 
comprehensive operating data on ACAP 
pump for handling liquids or hygro- 
scopic solids in suspension under vari- 


able capacity and head requirements.— 
Allis-Chalmers Mfg. Co 


246R 

Pumps, Deep Well Vertical Turbine— 
This bulletin, in color, shows a cross- 
section of the Layne Vertical Turbine 
pump and applications for it. Both the 
water and oil lubricated pump bulletins 
available—Layne & Bowler, Inc. 

247R 


Pumps, Freflo—A 12-page bulletin cov- 
ering horizontal and vertical Freflo 


pumps for handling sewage and indus- 
trial wastes. It contains rating curves 
for 18 pump models. Also included are 
charts for selection of shafting for use 
with vertical pumps. Complete dimen- 
sion data are given for all pump models. 
—Worthington Corp. 


248R 

Pumps, Non-Clog, Sewage—Bulletin 
No. 500 contains detailed cross section 
drawing and information on _ vertical, 
close-coupled, “Non-Clog” sewage-pump 
for factory-built sewage pump stations. 
—Smith & Loveless Div.—Union Tank 
Car Company. 


249R 


Pumps, Sewage—Horizontal and verti- 
cal non-clog pumps for pumping un- 
screened sewage are illustrated in two 
bulletins. Construction features, cross 
section drawings and performance data 
are included; also suggested methods of 
mounting vertical pumps and motors. 
—C. H. Wheeler Manufacturing Co. 
250R 

Pumps, Sewage—Sewage and Sludge 
Pumps—Both vertical and _ horizontal 
dry-pit contrifugals, for capacities to 
24,000 g.p.m., sizes from 3” to 24”, are 
described in series catalogs. Submersible 
and Vertical Submerged Units also 
a¥ailable—Yeomans Brothers Company. 


251R 


Pumps, Sewage and Sludge—The com- 
pany has a series of bulletins giving 
data, design features, and specification 
information on sewage and sludge 
pumps.—Chicago Pump. 

252R 

Pumps, Sewage and Sludge—Bulletin 
No. KSP-2 a 4 page, 2 color description 
of Komline-Sanderson dual-valve plung- 
er and diagram pumps, with illustrations 
and plunger pump selection chart.— 
Komline Sanderson Engineering Corp. 


253R 


Pumps, Sludge—Bulletin 191—Describes 
in full the capacities, heads, horsepowers, 
and dimensions of this screw conveyor, 
positive displacement “Scru-Flo” Sludge 
Pump.—Chicago Pump. 

254R 

Pumps, Split Case Centrifugal—Bulletin 
5000, details of construction with selec- 
tion tables covering capacities up to 7000 
G.P.M. and heads up to over 300 feet.— 
The Deming Company. 

255R 

Pumps, Sump—Bulletin 8-SP-11 de- 
scribes “High & Dry” Sump Pumps for 
home basements and industry use—The 
Gorman-Rupp Co 

256R 

Pump, Sump—Bulletin SU-56 describes 
a self-contained air motor driven port- 
able sump pump for removing clean or 
dirty water, sewage or sludge from cel- 
lars, excavations, ditches, trenches and 
settling basins —Schramm, Inc. 

257R 

Pumps, Vertical Turbine Deep Well— 
Bulletins on both water lubricated and 
oil lubricated turbine available-—The 
Deming Company. 

258R 

Pumps,—Water—A series of bulletins 
cover the complete line of “American” 
end suction axial flow and deep well tur- 
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bine pumps, as well as the “American” 
airlift pump.—American Well Works. 


259R 


Purge Meters—A complete range for 
glass-tube and armoured purge meters 
is described in catalog 510.200. Glass- 
tube meters are used for purging, vent- 
ing, and sampling applications, for liq- 
uid level control, and specific gravity 
determination. Armored purge meters 
allow hazardous fluids to be easily me- 
tered —Wallace & Tiernan Inc. 

260R 

Rate Controllers—Bulletins 600-G6A 
& 600-G6B on filter effluent or back 


wash rate controllers—Builders-Provi- 
dence Div., B-I-F Industries. 


261R 


Reactor-Clarifier—New 24-page Bulletin 
SM-1006 describes versatile reactor- 
clarifier treatment units for obtaining 
high removals in the pre-treatment of 
sewage or for secondary treatment of 
sewage with chemical coagulants. Built 
in a wide range of types and sizes, in- 
cluding units suitable for treating in- 
dustrial wastes to condition the water 
for re-use—The Eimco Corp. 

262R 

Recorder-Totalizer—a 4 page bulletin 
describing the proper and efficient ap- 


plications of recorder-totalizers—Stand- 
ard Instrument Corp. 

263R 

Registers, Read-o-Matic—bBulletins 
R2000 and DR135 illustrates water me- 
ter registers that take the meter read- 
er out of the house. The Read-o-Matic 
register can be located up to one half 
mile away from the water meter.— 
Badger Meter Mfg. Co. 

264R 

Remote Registering Systems—Bulletin 
P15, Eighth Edition illustrates and de- 
scribes Position Motor Type Remote 
Registering Systems for remote, graphic 
or visual registration of water levels, 
gate positions or other moving elements. 
A variety of self synchronizing motor 
type transmitters, indicators and record- 
ers are described —Leupold and Stevens 
Instruments, Inc. 

265R 

Reservoirs and Standpipes—Graver 
Tank & Mfg. Co. offers a wholly new 
tank form—the Graver “Cylindroid”—a 
water reservoir, square or rectangular 
in plan, of unlimited capacities and di- 
mensions. This very functional design 
provides the only answer for large-vol- 
ume, ground-level water storage where 
plot area is limited. In this design, too, 
simplifications in manufacturing and 
erecting procedures lead to low-cost-per- 
gallon advantages.—Graver Tank & Mfg. 
Co., Div —Union Tank Car Co. 

266R 

Ring-Tite Fire-Hydrants—Bulletin RT- 
53 illustrates and describes the line of 
fire hydrants and gate valves with Ring- 
tite connecting joints made by the com- 
pany.—A. P. Smith Mfg. Co. 

267R 

River Crossing Pipe—A catalog contain- 
ing instructions, for assembly, weight 
and dimension tables and different meth- 
ods of installing the ball joint pipe for 
river crossings and submarine service.— 
American Cast Iron Pipe Co. 


268R 

Rotary Distributors—Bulletin B-6001 de- 
scribes a new rotary distributor for trick- 
ling filters. The “GARD” distributor is 
said to have eliminated the seal prob- 
lem. Three years of testing have proven 
the units completely non-clogging.— 
General Filter Co. 

269R 

Rotobelt—The Eimco Rotobelt vacuum 
filter removes filter medium from drum 
every filter cycle, for cake discharge and 
washing of medium. A woven stainless 
steel flexible medium assists sludge cake 
removal.—The Eimco Corp. 

270R 

Sanitary Landfill Methods—Dealing 
with efficient disposal of refuse which 
has become as large a problem as good 
sewage disposal, a 12-page booklet has 
been issued entitled “Modern Methods 
and Equipment in Sanitary Landfills.” 
It describes the two types of modern 
sanitary landfill methods, illustrating 
them with pictures and diagrams. A 
step-by-step picture story of a typical 
sanitary landfill operation in a commun- 
ity of 13,000 is also included to demon- 
strate this method of efficient refuse 
disposal.—The Oliver Corp. 

271R 

Screening Equipment—Booklet 2587 il- 
lustrates and discusses Link-Belt’s line 
of screening equipment for water, sew- 
age and industrial waste. Dimension 


drawings and specifications are includ- 
ed.—Link-Belt Co. 

272R 

Seals for Flanges—Technical bulletin 
describing unique Kask-O-Seals for seal- 
ing ASA-API flanges. Seals are reuse- 
able, eliminate cleaning or resurfacing 
of flange faces, do not wear due to pulse 
or vibration. Seals to 15,000 PSI or high 
vacuum.—Parker Seal Co., Div. of 
Parker-Hannifin Corp. 

273R 


Service Boxes—Catalog and descriptive 
literature on special and standard boxes 
available—Opelika Foundry Co., Inc. 
274R 

Settling Tanks—An improved settling 
tank design, the Uniflow, for removal of 
solids from water, sewage and indus- 
trial wastes, is described in detail in new 
Folder 2648. The text describes advan- 
tages of the improved design in attain- 
ing: uniform influent distribution across 
the tank; uniform flow throughout en- 
tire tank length; and, uniform effluent 
discharge from _ surface.—Link-Belt 
Company. 

275R 


Sewage and Waste Treatment—Bro- 
chure 135A describes in detail Chicago 
Pump’s Ratedaeration Sewage Treat- 
ment process to serve 20 to 5,000 peo- 
ple.—Chicago Pump. 


Sewage and Waste Treatment—Bulletin 
No. 300 is a general catalog of equip- 
ment and methods for modern waste 
treatment.—Pacific Flush Tank Co. 
277R 


Sewage, Wastes and Water Treatment 
Equipment—Bulletin SM-1017 describes 
and illustrates various equipment items 
including grit separators, oxidator, clari- 
fiers, chain collectors, rotary distribu- 
tors, non-clog diffusers and slurry mix- 
ers.—The Eimco Corp. 


278R 

Sewage Ejector Lift Stations—Complete 
100-page manual on factory-built sewage 
lift stations. Contains bulletins, selection 
charts, diagrams and installation data on 
the “Way-O-Matic”’, “Mon-O-Ject”, 
“Vac-O-Ject” and “Du-O-Ject”. Also 
features sewage pump station informa- 
tion—Smith & Loveless Div.—Union 
Tank Car Company. 

279R 


Sewage Ejector Pneumatic—Catalog No. 
KSM-2, a 14 page, 2 color brochure, 
complete with illustrations, layout dia- 
phragms, dimension tables, compressor 
motor selection tables and description of 
the Komline-Sanderson Pneumatic Sew- 
age Ejector Systems. Covers simplex 
and duplex units, pneumatically and 
electrode controlled.—Komline-Sander- 
son Engineering Corp. 

280R 

Sewage Ejectors, Pneumatic—This bul- 
letin describes the “Eject-All”’, a pack- 
aged ejector for lifting liquids and sol- 
ids in suspension. Sizes range from 20 
to 600 gpm. Illustrations provide com- 
plete details—Tex-Vit Supply Co. 
281R 

Sewage Ejector System, Pneumatic— 
12-page 2 color booklet describes the 
Blackburn-Smith Pneumatic Sewage 
Ejector that can be operated by either 
a mechanical float and electric float 
switch, a mechanical float and pneumat- 
ically controlled air valves, or electrode 
controls. Performance charts photo- 
graphs and installation diagrams are 
also included.—Blackburn-Smith Mfg. 
Co., Inc. 

282R 

Sewage Lift Stations—A 100-page En- 
gineering Data Manual on factory-built 
sewage lift stations. Contains design 
notes, selection charts, drawings and 
specifications on stations of from 30 to 
4500 GPM.—Smith & Loveless Div.,— 
Union Tank Car Company. 

283R 


Sewage Plant Design Guides—An eight 
page pamphlet summarizing the basic 
criteria used by state water pollution 
control agencies for reviewing sewage 
treatment plant plans. The basic criteria 
tabulated is for each of the various 
treatment units, including screening de- 
vices, sedimentation basins, digestors, 
filters and activated sludge tanks. It 
also includes a handy tabulation of the 
water pollution control agencies and 
their addresses for all states except Alas- 
ka and Hawaii—Portland Cement Assn. 
284R 


Sewage Pump Station—Complete data 
manual on factory-built sewage pump 
stations, proved by over 1,000 installa- 
tions. Contains bulletins, selection charts, 
diagrams, installation data and specifica- 
tions for pump-type or pneumattic ejec- 
tor lift stations. Feature bulletin appears 
in this issue-—Smith & Loveless Div.— 
Union Tank Car Company. 

285R 

Sewage Sludge Concentrator—4-page 
folder, describes and illustrates the 
“Roto-Plug” sewage sludge concentra- 
tor. Photos and schematic drawings il- 
lustrate operation of equipment. Bulletin 
RP-100 also gives performance data, 
sizes, general specifications, space re- 
quirements, and special features.—Nich- 
ols Engineering & Research Corp. 
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286R 

Sewage Treatment—Bulletin 35-D de- 
scribes equipment available for primary 
and secondary clarification, sludge thick- 
ening and digestion —Hardinge Co., Inc. 
287R 

Sewage Treatment—A 64-page catalog 
covering Jeffrey equipment for the 
treatment of sewage, water and indus- 
trial waste. It is profusely illustrated 
with installation views and line draw- 
ings.—The Jeffrey Mfg. Co. 

288R 

Sewage Treatment—A 16-page Engi- 
neering Data Manual on factory-built 
Sewage Treatment Plants. Contains de- 
sign note, selection charts, drawings and 
specification on plants with capacities 
up to 14,000 G. P. D.—Smith & Love- 
less Div—Union Tank Car Company. 


289R 


Sewage Treatment—A series of 6 bulle- 
tins gives detailed information on equip- 
ment to perform various steps in sew- 
age treatment. Collectors for solids re- 
moval, screens, grit removal units, ro- 
tary distributors and digester sludge 
heating units are covered—Walker 
Process Equipment Inc. 


290R 

Sewage Treatment Equipment—4 page 
bulletin describes the design, operation 
and advantages of the SpiroVortex 
system for the complete treatment of 
sewage.—Dorr-Oliver Inc. 


291R 


Sewage Treatment Plant—Complete 
data manual on factory built “Oxigest” 
sewage treatment plant for small sub- 
divisions, schools, motels and factories. 
Contains notes on design, engineering 
data, specifications and installation in- 
structions, plus lists of accessory equip- 
ment. Now 27 standard sizes.—Smith 
& Loveless Div—Union Tank Car Com- 
pany. 


292R 

Sewage Treatment Tanks—Bulletin T- 
20, a 2-page bulletin on prestressed con- 
crete tanks for sludge digesters, clari- 
fiers, flocculators, and thickeners.——The 
Preload Co., Inc. 


293R 

Sewer Lining, Plastic—This bulletin de- 
scribes T-Lock Amer-Plate, a contin- 
uous plastic sewer lining to prevent hy- 
drogen sulfide corrosion. It shows how 
the T-shaped ribs lock the sheet into the 
pipe when the concrete is poured.— 
Amercoat Corp. 


294R 

Sewer Pipe, Clay—Catalog SE-50 gives 
a complete summary of shapes and sizes 
of Natco Clay Sewer Pipe. Catalog VS- 
10 gives complete information regarding 
the new Natco “Vitri-Seal” Clay Pipe 
with compression type joints——Natco 
Corp. 


295R 


Sewer Pipe, Plastic—Called “Chem- 
Weld”, this plastic drain pipe is root- 
proof, durable, and unaffected by acids 
or alkalis. It fits other types of connect- 
ing pipe lines, can be cut with ordinary 
hand saw. Joints are made with a chem- 
ical cement that fuses pipe to coupling. 
Available in 10, 20 and 30 ft. lengths.— 
Southwestern Plastic Pipe Co. 
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296R 


Sewer Valves—Brochure covering con- 
struction and operation of Crispin Sew- 
er Valves designed to eliminate and con- 
trol air in sewage force mains.—Multi- 
plex Mfg. Co. 

297R 

Silica (Activated) Feeder—Catalog 
60.110 gives description, design features, 
operating instructions and technical in- 
formation on the series A-637 WT Silac- 
tor, a device for the continuous produc- 
tion and application of chlorine activated 
silica—Wallace & Tiernan, Inc. 

298R 

Single Stage Centrifugal Pumps—This 
4-page bulletin discusses the single stage 
volute pumps for water works, circula- 
tion, drainage and general service.— 
Worthington Corp. 

299R 

Single Stage Split Case Pump—4 page 
bulletin No. 1600 describes Type U- 
VBM Vertical Non-clog, Ball bearing 
Centrifugal Pumps for handling sewage 
and liquids containing solids—The 
Weinman Pump Mfg. Co. 

300R 

Siphons for Sand Filters—This bulletin 
provides curves for determining rates 
of siphons discharging into open troughs. 
Sand filter design for smaller plants is 
discussed along with piping layouts for 
the types of siphons available.—Pacific 
Flush Tank Co. 


301R 


Sleeves and Valves, Cutting-In—It is 
easy to install more valves on existing 
pipe lines, for better control, by using 
these Mechanical Joint Cutting-In 
Sleeves and Valves. Suggestions on how 
to install. Circular No. 20.—M&H Valve 
and Fittings Co. 


302R 

Sludge Collector—Book 2546 presents 
the complete line of six series and 15 
types of Circuline collectors available 
for water, sewage and industrial waste 
treatment settling tanks. The new 28- 
page book announces two new series and 
six new types of collectors.—Link-Belt 
Company. 


303R 


Sludge Collectors—Bulletin 315-61 high- 
lights Rex conveyor sludge collectors 
and appurtenances. Information is gen- 
eral in nature, and is intended primarily 
to illustrate the diversity and quality 
of these collectors—Chain Belt Co. 


304R 


Sludge Collectors—Descriptive bulletin 
showing self-propelled traveling bridge 
type sludge scraper for rectangular set- 
tling tanks; unit has no moving mainte- 
nance parts immersed in sewage.—Kom- 
line-Sanderson Engr. Corp. 

305R 

Sludge Digesters—Two types, a semi- 
dome roof for lrage plants and an I- 
beam roof for small plants, both with 
scum breakers and sludge concentra- 
tion, are described in an 8-page catalog. 
—Yeomans Brothers Company. 


306R 


Sludge Digestion—Bulletin 35-D de- 
scribes digester that prevents scum ac- 
cumulation and insures uniform gas pro- 


duction.—Hardinge Company, Incorpor- 
ated. 


307R 

Sludge Digestion—In addition to bulle- 
tins 332 and 235 on floating covers and 
sludge heat exchangers, P. F. T. has 
available bulletins 236 and 137 covering 
floating cover position indicators and 
gauge boards.—Pacific Flush Tank Co. 


308R 

Sludge Disintegrator—Literature de- 
scribes the increasing popularity of sew- 
age sludge as a soil conditioner —Royer 
Foundry & Machine Co. 


309R 

Sludge Drying and Incineration—Bulle- 
tin FD-57 covers the C-E Raymond 
System of Sludge Drying and Incinera- 
tion. It briefly outlines the problem of 
sewage disposal and shows why heat 
drying is regarded as an ideal solution. 
Diagrams and photographs are also in- 
cluded.—Combustion Engineering Inc. 


310R 


Sludge Heaters—Bulletin 1001 describes 
construction features and performance 
data on sludge heaters and heat ex- 
changers of the forced counter flow 
type.—Ralph B. Carter Co. 


311R 


Sludge Removal—Rex Unitube Tow- 
3ro for removal of light, tricky sludges 
is covered in this bulletin. New, im- 
proved header design is introduced.— 
Chain Belt Co. 


312R 


Slurry Feeder—This catalog briefly de- 
scribes the design, operation and ap- 
plication of this positive displacement 
slurry pump for feeding lime, diatomac- 
eous earth and similar slurries.—Preci- 
sion Chemical Pump Corp. 


313R 


Softeners—Bulletin 5763-A covers zeo- 
lite softeners built by General Filter Co. 
Included are facts on hardness, design, 
and construction notes, charts and meth- 
od for selecting softeners. Various types 
of piping, valving and control are de- 
scribed.—General Filter Co. 


314R 


Squirrel-Cage Motors—This bulletin 
describes the company’s large two-hole 
squirrel-cage induction motors, 900 hp 
and larger, designed to meet require- 
ments of today’s high speed drives.—Al- 
lis-Chalmers Mfg. Co. 

315R 

Standard Sewage Siphons—This bulle- 
tin describes the P. F. T. standard sew- 
age siphon for small disposal plants for 
use with small sand filters, sub-surface 
tile fields and either septic tanks or 
small Imhoff tanks. Standard dimen- 
sions and capacity of siphons are in- 
cluded.—Pacific Flush Tank Co. 


316R 


Steel Alloy Fabrication and Erection— 
The handsome employee magazine of 
Graver Tank & Mfg. Co. provides an in- 
teresting sampling of the many services 
and products of this pioneer fabricator. 
Called the ECHO, this magazine de- 
scribes case histories of Graver’s tanks 
and vessels serving such industries as 
petroleum, chemicals, power, steel, and 
atomic energy.—Graver Tank & Mfg. 
Co., Div.—Union Tank Car Co. 
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317K 


Steel Pipe—Five booklets describe the 
farication and installation of interesting 
steel water lines in a number of diame- 
ters. Booklet 503 describes a 14-ft flow 
line; Booklet 397 describes a 96-in. in- 
dustrial water line; Booklet 402 de- 
scribes the 72-in. Ramapo force main in 
New Jersey; Booklet 431 describes 42- 
in. pipe at neaster, Pa.; and booklet 
408 describes a 36-in. and 30-in. pump- 
ing main at Reading, Pa—Bethlehem 
Steel Co., Inc. 

318R 


Steel Reservoirs and Standpipes—A 20- 
page bulletin on Horton Steel Reser- 
voirs and Standpipes. Illustrations show 
installations from 150,000 to 6,000,000 
gal. capacity with cone, umbrella, or el- 
lipsoidal roofs and ornamental struc- 
tures with special architectural features. 
Also included are: table of standard ca- 
pacities, information on foundation, ad- 
vantage of pickling and paintings, and 
data on the use of suction tank for fire 
protection —Chicago Bridge & Iron Co. 
319R 


Storage Bins—Bulletin Seg-13 contains 
details and illustrations on circular stor- 
age bins of Natco Segmentile, which 
are adaptable for sand, ash and coal bins, 
as well as other types of bulk storage. 
—Natco Corp. 

320R 


Storage Tanks—Graver’s 20-page book- 
let on standard storage tanks continues 
to be popular and useful, both for its 
tables of dimensions and capacities and 
for its pictorial presentation of the many 
purposes and uses filled by Graver’s 
cone-roof, flat-bottom steel tanks. 
Standard tanks of this type are illus- 
trated for the storage of water, fuel oil, 
asphalt, dry materials, and a host of 
other products——Graver Tank & Mfg. 
Co., Div.—Union Tank Car Co. 

321R 


Strainers—for intake and suction lines, 
in sizes up to 40” with slots %”, and 
smaller, strainers furnished with flanged 
or screwed connections for vertical or 
horizontal installation, Catalog No. 
1252A.—Cook Well Strainer Co. 

322R 


Strainers—for sea water installation, 
Catalog No. 1252-A illustrates this strain- 
er for vertical or horizontal installation 
for supplying inland pools.—Cook Well 
Strainer Co. 


Strainers, Liquid—Bulletin describes the 
company’s line of self-cleaning liquid 
strainers.—Golden-Anderson Valve Spe- 
cialty Co. 

324R 

Strainers, Liquid—Bulletin 500 describes 
Kinney automatic and twin basket self- 
cleaning strainers. Contains descrip- 
tions, dimensions and _installations.— 
S. P. Kinney Engineers, Inc. 


325R 


Summators—aA simplified description of 
the method of summating pneumatically 
a series of separate flow variables is 
ome in Technical Bulletin 752. The 
implex Type PM Pneumatic Sum- 
mator is a rugged but reliable method 
of obtaining total flow rates from many 
sources.—Simplex Valve & Meter Co. 


326R 
Supervisory and Remote Control—Bul- 


letin 240-P2A describes unlimited num- 
ber of control or advisory functions 
from central control panel over widely 
spread system using sequencing trans- 
mission system. Other bulletins describe 
Chronoflo telemetering, “Synchro-Scan” 
pneumatic and electrical transmission 
and control of level, pressure, pumps. 
etc—Builders Providence Div., B-I-F 
Industries. 


327R 


Supervisory Remote Control—The Bul- 
letin SC outlines the method of pump 
or valve control over one pair of wires 
any distance. It also contains informa- 
tion on report back using the same pair 
of wires.—Healy-Ruff Company. 


328R 


Surge & Water Hammer Control—A 
28 page booklet describing the construc- 
tion of Crispin automatic air valves 
available for control of air problems in 
—_ handling liquids——Multiplex Mfg. 
oO. 


329R 


Swimming Pool Filters—New data man- 
ual on quality S & L filtration equip- 
ment for swimming pools. Contains di- 
agrams, selection charts and lists of in- 
stallations—Smith & Loveless Div.— 
Union Tank Car Company. 

330R 

Swimming Pool Operation and Disinfec- 
tion—(Bulletin P-1009)—describes gen- 
eral operations, filtration and steriliza- 
tion methods for commercial pools. 
Penn-salt Chemicals Corp., Industrial 
Chemicals (West) 


331R 


T-Lock-Amer-Plate—This brochure de- 
scribes T-Lock Amer-Plate, a continu- 
ous plastic sewer lining. “T-Lock” re- 
fers to the T-shaped ribs which project 
from the back of the sheet and lock the 
sheet into the pipe or structure when 
the concrete is cast—Amercoat Corpo- 
ration. 

332R 

Tank Liner—Literature available de- 
scribing the company’s non-toxic tank 
liner. Also available are literature pieces 
explaining its complete maintenance 
service and for elevated water storage 
tanks, standpipes, and reservoirs.— 
Speelmon Elevated Tank Service. 


333R 


Tanks—Water tanks of all types are 
usefully summarized in this two-page 
catalog sheet from Graver Tank & Mfg. 
Co. Besides Graver’s new designs for 
elevated tanks (The Graver “Aquatore”) 
abd reservoirs (the Graver “Cylind- 
roid”), the standard forms of water stor- 
age tanks are also described. Tables of 
standard sizes are included for elevated 
tanks and pump suction tanks. Stand- 
pipes and reservoirs, as well, are defined 
and illustrated—Graver Tank & Mfg. 
Co., Div.—Union Tank Car Co. 


334R 


Tapping Machine—Bulletin T-54 illus- 
strates and describes the Smith T-54 
Tapping machine which is used in con- 
nection with Tapping Sleeves, Hat 
Flanges, Saddles and Tapping Valves 
to make 2” through 12” connections 
under pressure to Cast Iron, Cement 
Asbestos, Steel and reinforced concrete 
pressure pipe—A. P. Smith Manufac- 
turing Co. 


335R 


Tapping Sleeves—Circular #12 illus- 
trates a complete line of tapping sleeves 
and tapping valves either with hub or 
mechanical joint ends —-M&H Valve and 
Fittings Co. 


336R 


Tapping Sleeves—Bulletin MJ-1 de- 
scribes and illustrates the complete line 
of mechanical joint tapping sleeves and 
valves manufactured by the company. 
—A. P. Smith Mfg. Co. 


337R 


Telemetering—Transmission and recep- 
tion of data on flow, liquid level, pres- 
sure, temperature, etc., from any dis- 
tance over a single two-wire circuit is 
shown in this bulletin 230-P4.—Builders- 
Providence Div., B-I-F Industries. 


338R 


Thickeners—The Rex Float Treat sys- 
tem is a process which removes sus- 
pended organic matter and usual chem- 
ical flocs by flotation using dissolved 
air. Bull. No. 315-101.—Chain Belt Co. 


339R 


Thickeners—Eimco-Process Thickeners 
are built in several basic types and avail- 
able with a number of custom adapta- 
tions for special sedimentation problems. 
Bulletin SM-1004.—The Eimco Corp. 


340R 


Thickeners—Bulletin 31-E describes the 
“Auto-Raise” thickener mechanism for 
both small and large heavy duty settling 
tank operations, and waste treatment 
applications of the rectangular type 
clarifier—-Hardinge Company, Incor- 
porated. 


341R 


Trash Racks—Bull. 02B9207 describes 
the Leonard Trash Rack. Rakes with 
dimensions, specifications and _ typical 
arrangements.—Allis-Chalmers Mfg. Co. 


342R 


Trenchers and Backfillers—A 2-color 
booklet describing the features and list- 
ing specifications of the models 92 and 
95 “Baby Diggers,” the models 110, 140, 
240, and 320 standard trenchers, and 
models 80W and’ 190° backfillers. Pho- 
tographs of each piece of equipment 
are shown along with illustrations of 
the equipment in operation—Cleveland 
Trencher Co. 


343R 

Trenching & Construction Equipment 
—Thirteen bulletins on tractors, crawl- 
ers, trenchers and loaders for installa- 


tion of water mains or sewers.—The 
Oliver Corp. 


344R 

Trickling Filter Distributor—This tech- 
nical bulletin describes reaction and 
positive drive types, equipped with pat- 
ented oil seal which will withstand at 
least 10’ of water pressures—American 
Well Works. 

345R 

Trickling Filter Distributor—Bulletin 
#116, 24-pages on the theory, operating 
results, and design data necessary to de- 
sign and specify the high capacity Lake- 
= Aero-filter—Lakeside Engineering 
LOrp. 


346R 
Trickling Filter Distributor—Bulletin 
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313A covers spreader jets for rotary dis- 
tributors for trickling filters.—Pacific 
Flush Tank Co. 


347R 
Trickling Filter Distributor—This bul- 
letin describes the “Sy-No-Seal reac- 
tion type rotary distributor which con- 
tains no seal between the stationary 
center column and the rotating distribu- 
tion arms——Smith & Loveless, Div.,— 
Union Tank Car Company. 


348R 

Trickling Filter Manual—This 24-page 
engineers’ manual suggests arrange- 
ments for plant components for both 
primary and complete treatment using 
the Spirahoff for primary settling and 
sludge digestion. Complete data, includ- 
ing recommended sizes and specifica- 
tions.—Yeomans Bros. Company. 


349R 

Tyton Joint® Pipe—This booklet pre- 
sents the U.S. centrifugally cast iron 
TYTON JOINT pipe for water and 
sewage. This new joint is simple, sturdy 
and tight. Illustrations show details of 
joint and method of assembly.—U.5S. 
Pipe & Foundry Co. 


350R 

Upflow Clarifiers—In General Filters 
bulletin #5811, upflow clarifiers are de- 
scribed and illustrated. Flow charts and 
important features, essential to econo- 
mical and efficient operation, are in- 
cluded. Typical industrial, utility, and 
municipal Control installations are 
shown and described—General Filter 
Co. 


351R 

Vacuum Breakers—Brochure on Crispin 
air and vacuum valves designed to break 
the vacuum during the emptying opera- 
tion of a pipe line or tank.—Multiplex 
Mfg. Co. 

352R 

Vacuum Filter—16 page brochure on 
the Coil-filter, the sludge vacuum filter 
featuring permanent type filter media, 
non-clogging operation, constant out- 
put. Standard sizes of equipment are 
listed. Bulletin No. 106—Komline Sand- 
derson Engineering Corp. 


353R 

Vacuum Pumps—Rotary positive pres- 
sure vacuum pumps feateured in bulle- 
tins S65-C and S59-G, both standard 
and heavy duty series, vertical and hori- 
zontal designs.—Sutorbilt Corp. 


354R 
Valve Boxes—-Descriptive literature and 
catalog available—Opelika Foundry Co., 
Inc. 
355R 


Valve Plug—Literature describes plug 
valve with a facing of Hycar American 
Rubber.—DeZurik Corp. 

356R 

Valves, Air Release—A 28 page catalog 
offering complete information on the 
many types of Crispin automatic air 
valves preferred by works enginners 


for over 45 years for positive air control. 
—Multiplex Mfg. Co. 


357R 


Valves, Altitude and Level—bBulletin 
W-4-A describes altitude valves and 
modifications of water level control 
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valves.—Golden-Anderson Valve 
cialty Co. 


358R 


Valves-Ball—The newest type of Ball 
Valve utilizing a rubber seat for bubble- 
tight closure and ease of operation. Com- 
pletely described, with drawings and 
specification information in bulletin 
BV-1B.—Henry Pratt Company, 

359R 

Valves, Butterfly—Bulletins 650—LI1B, 
650.20.1 and 650.20.2 on tight-closing 
rubber seated butterfly valves built to 
AWWA specifications.—Builders-Provi- 
dence, Div., B-I-F Industries. 


360R 


Valves, Butterfly—Bulletin No. 5708 
gives complete description of the Dar- 
ling-Pelton Rubber Seated Butterfly 
Valves.—Darling Valve & Mfg. Co. 


361R 


Valves, Butterfly—This 2-color brochure 
describes Leopold rubber seated butter- 
fly valves. Complete details on the con- 
struction features and valve assembly 
are included—F. B. Leopold Co., Inc. 


362R 


Valves-Butterfly—Complete information 
on full line of AWWA rubber seat but- 
terfly valves by originator of this type 
equipment. Bulletin B-2B includes data 
on valve sizing, operator selection, 
theory of valve design and all informa- 
tion pertinent to the specification of but- 
terfly valves—Henry Pratt Company. 
363R 

Valves, Butterfly—Bulletin No. 581 gives 
complete data on rubber-seated butter- 
fly valves built to AWWA specifica- 
tions—W. S. Rockwell Company. 


364R 


Valves-Butterfly-Wafer Type—A new 
engineering Bulletin B-10B containing 
the most up-to-date butterfly valve in- 
formation and describing the new rub- 
ber seat wafer type buterfly valve. Bul- 
letin contains all information needed to 
order or specify—including price list.— 
Henry Pratt Company. 


365R 


Valves, Check—Bulletin #W-1  illus- 
trates and describes cushioned type 
swing check valves.—Golden-Anderson 
Valve Specialty Co. 

366R 


Valves, Check—Circular #18 illustrates 
and describes a complete line of swing 
check valves in sizes up to 24”, available 
with outside lever and weight or outside 
spring and lever arrangement. Can be 
supplied with flanged or mechanical 
joint ends. This line features full-way 
openings in all sizes—M&H Valve and 
Fittings Co. 

367R ? 
Valves, Chlorine Handling—Circular 
AD-1976 gives data on globe and angle 
valves designed for control of water-free 
chlorine gas or liquid—Crane Co. 

368R 

Valves, Cone—Bulletin No. 2 describes 
in detail Willamette Cone Valve design 
materials and suitability for water and 
sewage works applications.—Willamette 
Iron and Seel Co. 

369R 

Valves, Cushioned—Bulletin describes 


Spe- 


the company’s cushioned valves in ac- 
tion —Golden-Anderson Valve Special- 
ty Co. 


370R 


Valves, Cut-in—A 4-page bulletin tells 
how these cushioned emergency cut-in 
valves automatically open to emergency 
water supply.—Golden-Anderson Valve 
Specialty Co. 


371R 

Valves, Diaphragm—8-page Bulletin 
gives complete information on the Grin- 
nell-Saunders diaphragm valve.—Grin- 
nell Co., Inc. 


372R 


Valves, Eccentric—This new Bulletin 
#110 contains sizes, dimensions and ma- 
terials of DeZurik eccentric valves. Gives 
information on handling clear liquids, 
sludges, slurries and chemicals. Explains 
complete line of eccentric valves and 
accessories, discussing eccentric action 
and other exclusive DeZurik features.- 
DeZurik Corp. 


373R 


Valves, Filter Control—20-page Bulletin 
#150 explains eccentric action, gives di- 
mensions, materials, and accessories of 
DeZurik valves. Illustrates valves for 
filter control and pump check applica- 
tions. Includes information on both 
throttling and on-off eccentric valves, 
with pneumatic, hydraulic, and electric 
actuation.—DeZurik Corp. 


374R 


Valves, Gate, AWWA—Literature de- 
scribing “R. D. Wood” valves, 2” to 
24”; double disc, taper seat, non-rising 
stem or OS&Y; hub, mechanical joint 
or flanged ends; conventional packing or 
O-ring seal—R. D. Wood Co. 

375R 

Valves, Howell-Bunger—16 page bulle- 
tin 02B9206 tells how these valves oper- 
ate for the easy regulation and control 
of water under free discharge for high 


— low heads.—Allis-Chalmers Mfg. 
oO. 


376R 


Valves, Knife Gate—Bulletin #200 illus- 
strates various styles, materials, oper- 
ators, and accessories of knife gate 
valves. Explains application for slurries, 
dry solids, crystalline and caking sludges. 
Features hand wheel, lever, pneumatic, 
hydraulic, actuation; on-off or position- 
ing operators.—DeZurik Corp. 

377R 

Valves, Low Pressure—Circular #16 de- 
scribes a full range of low pressure gate 
valves available in either double disc or 
solid wedge design and for 50# or 100# 
water working pressure. Size range 10” 
to 42”.—-H&H Valve and Fittings Co. 


378R 


Valves Plug—Bulletin #110 contains a 
complete line of plug valves and access- 
ories, discussing eccentric action and 
other exclusive features of DeZurik 
valves. Sizes, materials and dimensions 
are included.—DeZurik Corp. 

379R 


Valves, Sewage and Waste—Solid wedgx 
gate valves, Class A, B, and_C, maxi- 
mum flow efficiency with valve oper- 
ation a by accumulated sol-_ 
ids or silt. Circular No. 24—M & H 
Valve & Fittings Co. 
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380, 
Valves, Water Works—Bulletin No. 
WW-58 gives complete information on 
many types of curb stops, corporation 
stops, gooseneck meter stops, service 
boxes and couplings that are popular in 
the water works industry—A. Y. Mc- 
Donald Mfg. Co. 

381R i 
Venturi Tubes—A condensed descrip- 
tion of many of the types of Venturi 
Tubes made by Simplex Valve and Me- 
ter Company may be found in Technical 
Bulletin Nos. 100 and 104. These bulle- 
tins outline the services for which each 
type is designed.and will serve as a re- 
liable reference for the designing water 
or sewage works engineer.—Simplex 
Valve & Meter Co. 


382R 

Vertical Turbine Pumps—This bulletin 
diagrammed in color, discusses water 
lubricated vertical turbine pumps in ca- 
pacities of from 15 to 15,000 GPM.— 
Worthington Corp. 

383R : 
Vitrified Clay Pipe—Bulletin PS-101 is 
a 4-page folder in color which describes 
Presto-Seal, a vastly improved vitrified 
clay pipe with patented spigots and 
sockets of air-cured polyester resin with 
a flexible rubber compression seal. Kaul 
Clay Company. 

384R 

Water Clarification—Hagan Coagulant 
Aids Nos. 7, 11 and 18, used to improve 
floc formation in clarifying and soften- 
ing municipal, industrial and oil field 
water systems, are described —Hagan 
Chemical & Controls, Inc. 


385R 

Water Level Recorder—Bulletin 24, 
Tenth Edition contains eight pages of 
illustrations and descriptive data on the 
Stevens Type F water Level Recorder. 
Applications data for this extremely sen- 
sitive and accurate, yet inexpensive re- 
corder, is included —Leupold and Stev- 
ens Instruments, Inc. 


386R 
Water Main ing—New literature 
describes the latest most up-to-date tech- 
niques in the cleaning of water mains 
of any size—Robinson Pipe Cleaning 
Co. 


387R 

Water Mains Restored—The story of 
clogged and abandoned water mains re- 
turned to normal use after patented 
cleaning process applied. New brochure 
describes patented equipment used to 
restore water pipes to a guaranteed 95% 
of normal capacity, at a fraction of the 
cost of new pipe installation—National 
Power Rodding Corp. 


388R 

Water Screens—The complete line of 
Rex self-cleaning traveling water screens 
of 2’ to 10’ width are described in Bulle- 
tin 54-83 available from—Chain Belt Co. 


389R 

Water, Sewage and Industrial Waste 
Treatment Equipment—Book 2617 pre- 
sents the complete sanitary engineer- 
ing equipment line. The new 20-page 
book contains illustrations and photo- 
graphs of the latest sanitary engineer- 
ing equipment and also shows flow dia- 
grams of how this equipment can be 
installed in typical water, sewage and 
industrial waste treatment plants.—Link- 
Belt Company. 


390R 

Water & Sewage Valves—A 28 page 
catalog offering complete information 
on the many types of Crispin air valves 
for positive air control on water and 
sewage lines.—Multiplex Mfg. Co. 
391R 

Water Storage Tanks—Bulletin T-22, 4- 
page booklet provides general informa- 
tion on prestressed concrete water stor- 
age tanks. T-19, and 8-page technical 
booklet on the design of prestressed con- 
crete tanks for water supply.—The Pre- 
load Co., Inc. 

392R 

Water Storage Tanks, Steel—‘Steel 
Tanks Store Water Best” is an attrac- 
tive, 8-page brochure containing many 
excellent photographs of a variety of 
different types of elevated tanks, stand- 
pipes and reservoirs constructed of steel 
in various parts of the country.—Steel 
Plate Fabricators Association, 

393R 

Water Treatment—a 24-page illustrated 
booklet describing water treatment serv- 
ices offered by Hall Laboratories. In- 
cluded is a bibliography of technical 
papers authored by Hall personnel.— 
Hall Laboratories, division of Hagan 
Chemicals & Controls, Inc. 

394R 

Water Treatment—Process Bulletin C2 
describes Nalco Method for Treatment 
of Recirculating Cooling Water and 
Process Water Systems.—Nalco Chem- 
ical Company. 


395R 

Water Treatment—Reference folder 
serves as a file on activated silica sol 
used as coagulant aid for treating raw, 
process and waste waters. Advantages 
are cited pertinent to improved quality 
of filter water. Sodium silicate control 
of corrosion in water lines is reviewed, 
with a list of metals protected.—Phila- 
delphia Quartz Co. 

396R 

Water Treatment Chemicals—Product 
Bulletins describe chromates and poly- 
phosphates for prevention of scale and 
corrosion and microbiological control.— 
Nalco Chemical Co. 

397R 

Water Treatment Equipment—<An 8- 
page bulletin describing water treatment 
equipment. Flocculators, clarifiers and 
sludge removers. Bull. No. 315-12.— 
Chain Belt Co. 

398R 

Water Treatment Equipment—Flash 
mixers and contactors, clarifiers, reac- 
tor-clarifiers, flocculation mechanisms, 
feeders and other equipment are de- 
scribed in new Bulletin SM-1013.—The 
Eimco Corp. 

399R : 

Water Treatment Equipment—A new 
booklet (4433) descries modern water 
treatment equipment and discusses the 
methods of selection of equipment for 
various systems——The Permutit Co. 
400R 

Water and Waste-Water Treatment— 
Bulletin 35-D illustrates and describes 
equipment used for treatment of water, 
sewage and trade wastes.—Hardinge 
Company, Incorporated. 

401R 

Water Well Development—Bulletin 960- 
B covers the development of old and 


new sand and gravel wells by surging, 
acid treatment and air.—Cook ell 
Strainer Co. 

402R 

Water Well Strainers—Bulletin 960-A 
covers the selection, specifications and 
installation of strainers under various 
conditions. It describes and illustrates 
various types of well strainers —Cook 
Well Strainer Co. 

403R 

Water Well Strainers For Gravel Wall 
Wells—Bulletin 960-A covers complete 
details and illustrations of Cook Heavy 
Type strainers that are designed es- 
pecially for this type of well—Cook 
Well Strainer Co. 

404R 

Water Works Promotion—A 16 page 
illustrated booklet titled, “Water—Make 
Sure You'll Always Have Plenty”, is 
one of the first to detail a complete plan 
for local support of water system im- 
provements. It shows how responsible 
citizens can learn from their public of- 
ficials the needs and plans of their com- 
munity.—Cast Iron Pipe Research Assn. 
405R 

Water Works Supplies—Catalog ww-60, 
a 56 page, illustrated booklet covering 
pipe, tube, mechanical joint and socket 
fittings, couplings, sleeves, no thread 
fittings, repair sleeves & clamps, valves, 
indicator posts, valve boxes, hydrants, 
stops, service clamps, goosenecks, water 
meter yokes, melting furnaces tools and 
torches available—Grinnell Co., Inc. 
406R 

Wa —24-page specification 
guide for the Thoro System of water- 
proofing, protective and corrective treat- 
ments for masonry—concrete, block, 


stucco, tile, stone-—Standard Dry Wall 
Products, Inc. 


407R 

Waterstop, Plastic—Literature describes 
a new type of polyvinyl plastic labyrinth 
waterstop that can be installed in a 
matter of seconds.—Water Seals, Inc. 
408R 

Well Water Systems—Bulletin 100 il- 
lustrates and discusses pumps, drilling, 
allied services and equipment available. 
—Layne & Bowler, Inc. 

409R 

Wrenches, Pipe or Hex—Form 127 pic- 
tures the New Wheeler Combination 
Pipe or Hex Wrench and explains its 
many advantages as a conventional pipe 
wrench and for use on soft metal hex 
fittings and fittings of unusual shape.— 
Wheeler Mfg. Corp. 


410R 

Wrought Iron Sewage Installations—A 
30-page bulletin describes numerous ap- 
plications of wrought iron pipe and plate 
in sewage treatment and disposal plants 
of leading American cities. Some un- 
usual design features emphasize wrought 
iron’s versatility in corrosive sewage 
services.—A. M. Byers Co. 


411R 

Zeolite Water Softeners—This 20-page 
bulletin details the troubles caused by 
using hard water and the many econo- 
mies effected by curing these troubles. 
It also contains equipment specifica- 
tions, operating characteristics, and 


data on ion exchange resins.—The Per- 
mutit Co. 
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Ace Pipe Cleaning Co. 

4000 Truman Rd. 

Kansas City 27, Mo. 
Pipe Cleaning 


Alabama Pipe Co. 

P. O. Box 791 

Anniston, Ala. 
Curb Boxes 
Fittings, Tees, Elis 
Meter Accessories—Boxes, 

Housing soning. etc. 

Pipe, Cast Iron 
Pipe, Cement Lined 
Valve Boxes 


Allied Chemical Corp. 
General Chemical Div. 
40 Rector St. 
New York 6, N. Y. 
and Hydrochloric 


Anhydrous and Aqua 
Equipment and 


Apparatus Reagents 
(Glassy) 


Removal 
Chemicals 


Allis-Chalmers Mfg. Co. 

West Allis Works 

P. O. Box 512 

Milwaukee 1, Wisconsin 
Alternators, electric 


Treatment te Equipment 


Com 
Condensers, Air (Steam) 
De-Mineralization, Equipment 


pres tat (Sludge) 
ing ems (Sludge 
Earth M Moving Equipment 
Electrical Control Equipment 
Engine Generator Unit 
Engines. Diesel 
Engines—Dual Fuel 
Envines (Gas & Gasoline) 
Feed Water Heaters & Filters 
Filter Equipment 

Equipment 

Controls 
Pumps Acid Handling 
Purnps Centrifugal 
Pumps, Sewage & Drainage 











Valves, Butterfly 

Variable Speed, Transmissions 
Water Softening Equipment 
Water Treatment for 


scale & corrosion 
Zeolite and Zeolite softeners 


Amercoat Corp. 
4809 Firestone Blvd. 
South Gate, Calif. 


Coati Acid & Alkali proof 
Eooonten 6 uppression, Paint 


Pipe, Reinf esi Dic 


Pipe & Tank coatings 
Tank Linings 


American Cast Iron Pipe Co. 

P. O. Box 2603 

Birmingham 2, Ala. 

ings, Iron, Steel, Alloy Stee! 
. Tees, Elis 

E Fittings Lined 

Cast Iron 

Cement 





Sleeves, pipe repair 


American Hard Rubber Co. 
200 E. 42nd St. 
New York 17, N. Y. 

Pipe, plastic 


American Pipe & Construction Co. 


South Gate, California 


Pipe, Water, Reinforced Concrete 
Pipe, Concrete, Sewer and Storm 
Drain 


The American Well Works 
108 N. Broadway 
Aurora, Ill. 
Aeration retus 
Clarifiers, ge end water 
Comminuting Devices 
Conveyors and mereny | equipment 
Ole Bens ba — 
igester Equi ludge 
Distributors ecene er 
Filter Plates & Tube: 
Filter Underdrains Sioa 
Flocculating Equipment 
Gas Diffusers 
Grinders, Garbage & Screenings 
Grit Chamber Equipment & 
Grit Washers 
Mixers & mixing Equipment 
Porous Tubes and plates 
Pumps Centrifugal 
Pumps, Deep Well 
Pumps, Sewage and Drainage 
Pumps, Sludge 
Pumps, Turbine 
Screens Sewage 
Siphons Sewage, Dosing 
Sludge collectors 
Sludge valves 
Thickeners (Sludge) 
Trickling Filter Equipment 
Water Softening Equipment 
Water Treatment for 
Scale and Corrosion 


Anthracite Equipment Co. 
237 Old River Rd. 
Box 910 
Wilkes-Barre, Pa. 
Filter Medie—Anthrafilt 


Aurora Pump Div. 
The New York Air Brake Co. 
No. 905 
Aurora |, Illinois 
Pumps 
Centrifugal 
Deep Well Turbine 
End Suction 
Horizontal & Split Case 
Turbine Type 


Autocon Industries, Inc. 
995 University Ave. 
St. Paul 4, Minn. 


Centers, Alarm, alternators 

Convenience Controls 

Elevated Tank Controls 

Fueling System Controls 

Motor Control Centers 

Pressure—level, liquid, sensitive, 
Sore. telemetering, Motor Con- 
tro 

Pressure Tank Controls 

Protective Controls 

Tankless System Controls 

Telemetering Controls 

Valve Controls 

Vented Tank Controls 


8 
B-1-F Industries 
350 Harris Ave. 
Providence |, R. I. 
Activated Silica Generators 


Ammoniators 
Boiler Feedwater Treatment and 


pment 
coger Flexible 
Calcium Hypochlorite 
Chemica | Feeding and Proportioning 
Oe aber 
Chlorinators c 
Conveyors and Conveying Equipment 
pg Equipment and 
Chemicals 
Diatomite Filter Septum: 
Electrical Control 





~ 
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Ferric Chloride 
Filter or pane 
Filter Medi 
pers, Vecsem 
Flow Meters 
Fluoridation 
Gages, Liquid 
Recording 
Laboratory Apparatus, Reagents and 
Equipment 
Manometers 
Meters, Flow Tube 
Meters, Gas 
Meters, Venturi 
roe = bang (Consumer) 
oz 
Operating Tables (Filter Orifices) 
Pumpin Leeeres | 
Pum plephves 
Ra ow Controller 
Flow 


Recorde 
| Chlorine Controllers 
Rong oo 


S$ , Sewage 
: cars Tables 
pupennee Indicators 


uipment 
vel, Pressure, 








oo, cone ors 

Valves, Butt ; 

Valves, Nedvos ic, iader Operated 

Valves, Motor 

Valves, Special -- 
Including Remote Control 

Water pee Recorders 

Water Softening Equipment 

Water Treatment for Scale and 

rrosion 


Badger Meter Mfg. Co. 

4545 West Brown Deer Road 

Milwaukee 18, Wisconsin 
Meter Repeit Yokes 





Meters (Turbine Type) 
Rate of Flow Indicators 
Read-o-Matic Registers 


Bailey Meter Co. 
1072 Ivanhoe Rd. 
Cleveland, Ohio 


Cable, attigte Flexible 
Pneuma 
Combustion Indicators & 


Meters acs ype) 


corders 
Controllers, Flow, Level, 
Pressure, ‘Temperature 
Flow Meters 
Gages, Liquid Level, Pressure 
Gas Indicator & Detectors 
Instrument a engiboords, 
Tubed, W 
Loss of Head” Tate 
Meters, Flow Tube 
Meters, Gas 
Meters, Venturi 
Nozzles, Flow 
Qoeetee Consoles (Filter) 


H Equi 
neumatic Controls 
Positioners, Valve 
Pumping trols 
Rate of Flow Controllers 
pate of Flow Recorders 
ulators, Pressure (Water & 


$ 
Sand ion Indicators 
Turbidimeters 
Valves, Pressure Reducin 
Valves, specie! Automatic, 

Including Remote Control 
Venturi Tu 

ter Level Control 

Water Level Recorders 


Beaumont Birch Co. 
50 Church St. 
New York, N. Y. 


Ash & Coal 
© gS handling machinery 








ng & Proportioning 


equipment 
ng 9 eauioment 
Rhieiont 
Bethlehem Steel Co., Inc. 


Bethlehem, Pa. 


pasiies Stee! 


$s 
ree oe mg (Se 


Castings, !ron, ery Alloy steel, etc 
Flumes, Iron & Stee 
a Holders 


nstocks 
pipe LH. Fittings Lined 
Tanks & Standpipes 


Blackburn-Smith Mfg. Co., Inc. 
150 Observer Highway 
Hoboken, N. J. 


Ejectors, Cesumuette or Steam 
Strainers, S 
Switchboard ond. Switch Gear 


Borden Metal Products Co. 
854 Green Lane 
Elizabeth, New Jersey 


Gratings, Flooring, Treads & Railings 


Bremer Brease, Inc. 

1107 Margaret St. 

Jacksonville, Fla. 
Curb Locks 


Buffalo Meter Co. 

2917 Main Street 

Buffalo 14, New York 
Meters, Water 


Builders-Providence Div. 
B-1-F Industri 
350 Harris Avenue 
Providence |, R. I. 
Chlorine Feeders 
Flow Measurement 
Flow Tubes 
Pneumatic Speier 
aot Controllers 


Foparveasey & Remote Control 
emetering 
ion Butterfly 


A. M. Byers Co. 
Clark Building 
Pittsburgh 22, Pa. 

~- a i pelos 


rought 
Cold = ‘Heat Exchanger and 
Condenser oe eping. Wroeght Iron 


Pipe, 
Pipe, Wrought fron 


Plate, Wrought Iron 


c 


Calgon Company 
Div. of Hagan Chemicals & 
Controls, Inc. 
Box 1346 
Pittsburgh 30, Pa. 
Coagulant Aids 
Rust Prevention (Water Treatment} 
Sodium Glassy) 
Water Treatment for Scale & 


Ton 
Well Cleaning Chemicals 


Carboline Company 
32 Hanley Industrial Court 
St. Louis 17, Mo. 

Coating, Protective 


Carborundum Company 

P. O. Box 268 

Perth Amboy, New Jersey 
meee Coatings, Linings 


Filter, Septums 
Diffusers-Plates, Tu Fittings 
op yerdeumdeenes 
eer. Plates, Tubes 
iter Underdrains, Water 
Ges ed agg vee 
Nozzles, Spray, Water & Sewage 


Ralph B. Carter Co. 

192 Atlantic Street 

Hackensack, New Jersey 
Agitators 
Clarifiers, Sewage and Water 
Digester Equipment (Sludge) 





Distributors (Sewage Filter) 
Ejectors, Pneumatic 
Flocculating Equipment 
Gas Holders 

Heaters, Digesters 

Mixers and a Equipment 
Pumps, Centrifugal 

Pumps, Sludge 

Siphons Sewage, Dosing 
Sludge Collectors 
Thickeners (Sludge) 
Trickling Filter Eectinieat 


Cast Iron Pipe Research Assn. 
Suite 3440 
Prudential Plaza 
Chicago |, Ill. 
Castings, Iron, Steel, Alloy Steel, 


paul lron Pipe 
Cement Lining of Pipe 
Fitti Tees, Ells, 
Joints, ble Pipe 
Pipe Joints (Mechanical) 


Centric Clutch Co. 
P.O. Box 175 
Rt. 9 at Main St. 
Woodbridge, N. J. 
Clutch, Overload Prevention 


Centriline Corp. 

140 Cedar Street 

New York 6, N. Y. 
Cement Lining of Pipe 


Chain Belt Co. 
Milwaukee |, Wis. 
Ash & Cost ores machinery 
ron 


me, Eauioen 
Clarifier, Sowa, ater 
aoe oo ices 


Conveyors, Conveying Equipment 
Couplings, Flexible 

Floceulating Equipment 

<< o C ead Equipment & Grit 


Mixers, an idinxiog Equipme: 

Nozzles, Spray (Water a Sewage) 
Power Transmission 

Pumps Centrifugal 

Pumps Diaphragm 

Pumps Portable 

Pumps Self- mine 9 | 

Pumps, Sewage & Drainage 
sone Intake 
Scree e 

Sludge Collectors 

Sludge Valves — 
Thickeners (Sludge) 


Chicago Bridge & Iron Co. 
332 S. Michigan Ave. 
Chicago 4, Ill. 

Gas Holders 

Tanks Rubber Lined 

Tanks and Standpipes 


io Pump 
ome, Diversey Pkwy. 
Chicago 14, Ill. 
Aeration Hg 


Blowers, Ai 
Cle es oe s, Sewage Water 
Comm : ing Devices 


eg +g Plates, Tubes, Fittings 
—— Equipment (Sledge) 


Flocting oe 
Floccslating Equipment 
Meters 


og Diffusers 

Ges Holders 

Pump Primers 

Purpi 

Pumps Centrifugal 

Pumps, Sewage, Drainag 

Pumps, Sump and caller ‘encinws 
Sewage Semplers 

Sludge Collectors 


The Cleveland Trencher Co 

20100 St. Clair Ave. 

Cleveland 17, Ohio 
Trenching Equipment 


Climax Engine Div. 
Waukesha Motor Co. 
208 S. La Salle St. 
Chicago 4, Il. 


Engine Generator Unit 
& Gasoline) 
Envines, Sledge Gos, Butane 


James B. Clow & Sons 

201 N. Talman Ave. 

Chicago 80, Ill. 
Clamps, Bell Joint 
Clamps, Pipe repair 
Clamps and or Pipe Sleeves 
Couplings and Connections, Pipe 
Couplings, Flexible 
crags hoy Ells, etc. 


pao leaves, Valve 
Joints, nsion-Pipe 

Joints, Mechanical, Flexible 
Pipe, Cement Lining of 
Pipe, Culvert 

Pipe Test Plugs 

Saddles, Pipe 


p 
Valves, Motor operated 
Valves, Mud aad Plug 
Valves, Relief 
Valves, Mechanical Joint 


Coast Paint and Lacquer Co. 
P.O. Box 1113 
Houston |, Texas 


Protective Coatings (interior & 
exterior 


Columbia Southern Chem. Div. 
(Pitts. Plate Glass Co.) 
420 Fort Pitt Bivd. 
Pittsburgh 22, Pa. 
Ammonia, Anhydrous & Aqua 
Calcium H hlorite 
Chlorine, i vid 
Deodorizing (Ser cone. Equipment, 
icals, etc.) 
Insecticides 
Soda a 


Combustion Engineering, Inc. 
200 Madison Ave. 
New York 16, New York 


Drying Systems (Sludge) 
Incinerators 


Computer Measurements Co. 
Detectron Div. 
12970 Bradley Ave. 
Sylmar, California 
Pipe Detectors 
Pipe-Leak Detector 


Cook Well Strainer Co. 

6330 Glenway Ave. 

Cincinnati 11, Ohio 
Screens, Water well 


Crane Company 

836 S. Michigan Ave. 

Chicago 5, Illinois 
Cocks, Curb, Meter, Corp, etc. 
Coup! plings, and connections, Pipe 
cone Pipe Solder Type 


Liquid Level, ti 


ing) 
Joints, Exponsion, Pipe 
Traps, Drip, Flame, Sediment, 
Steam 
Valves, Diephragm 
Valves, Foot 
Valves, Four Way 
Valves, Gate 
Valves, Hydraulic, Cylinder operated 
Valves, Motor Operated 
Valves, Pressure Reducing 
Valves Relief 


Valves, Rubber, Plastic, Glass or 
Lead 


D 
W. S. Darley & Co. 
2810 Washington Blvd. 
Chicago 12, Illinois 
Furnaces, (Meltings, Pouring, Ladies. 


Jointing Compounds end materials 
nee aes Electrical, Steel. 


al 
— . Centriteg 
Pumps, Portable 
Pumps, Self Primi 
Water, Leak, 


Darling Valve & Mfq. Co. 
Ft. of Walnut St. 
Williamsport, Pa. 

B-50-B Fire Hydrants 


Locating Instruments 


Floor Stands 

Indicator Posts 

Sleeves, Tapping 

Valves, Air Release and Vacuum 
Breaki 

Valves, Air Relief 

Valves, Aluminum 

Valves, Bronze 

Valves, Bu 

Valves, Check 

Valves, Cylinder Operated 

Valves, Gate 

Valves, lron 

Valves, Mechanical Joint 

Valves, Motor Operated 

Valves, Rubber Lined 

Valves, Special Alloy 

Valves, Steel 

Valves, Tapping 


Payne Dean & Co. 
Clinton, Conn. 
Gate Valve Operator 


Deming Company 
Salem, Ohio 
Pumps 
Centrifugal 
Rotary Internal Gear 
Split Case Centrifugal 
Submersible Deep Well 
Sump and Sewage 
Vertical Turbine Deep Well 


De Zurik Corporation 

49 Riverview Rd. 

Sartell, Minnesota 
Valve Boxes 
Valves, Four Way 
Valves, Gate 
Valves, Hydraulic, Cylinder operated 
Valves, Mechanical, Joint 
Valves, Motor Operated 
Valves, Mud and Plug 
Valves, Slud 
Valves, Special Automatic 

including Remote control 


Dixie Tank & Bridge Co. 
Box 14 
Memphis |, Tenn. 
Tank, Maintenance and Repair 


Dorr-Oliver Inc. 
Havemeyer Lane 
Stamford, Conn. 


Aeration Apparatus 

Agitators 

Clarifiers, Sewage and Water 

De-Mineralization Equipment 
(Water) 

Digester Equipment (Sludge) 

Distributors (Sewage Filter) 

Filter Equipment 

Filters Vacuum 

Flocculating Equipment 

Gas Holders : 

Grinders, Garbage and Screenings 

Grit Chamber Equipment and 
Grit Washers 

Heaters, Digester 

Pumps, Acid Handling 

Pumps, Centrifugal 

Pumps, Diaphragm 

Pumps, Sewage and Drainage 

Purnps, Sludge 

Pumps, Vacuum 

Screens, Sewage 

Slakers 

Sludge Collectors 

Sludge Disinteqrators 

Thickeners (Sludqe) 

Trickling Filter Equipment 

Vacuum Filters 

Water Softening Equipment 


Eddy Valve Co. 
Waterford, N. Y. 


Gates, Shear 

Valve Boxes 

Valves, Air Relief 
Valves, Flap 

Valves, Floet 

Valves, Foot F 
Valves, Mechanical! Joint 
Valves, Mud and Plug 
Valves, Relief 


Eimco Corporation 
634 So. Fourth West St. 
Salt Lake City 10, Utah 
Agitators 
Chain Collectors 
Clarifiers 
Cleanable Sight Glass 
Diffusers 
Digester Mixers 


Filters, Vacuum 
Flocculators 
Flotation Clarifiers 
Flotation Thickeners 
Gas Purifiers 

Grit Separators 
Lime Slakers 
Oxidators | 

Rotary Distributors 
Roto! 

Sludge Thickness Controllers 
Tractors 


Electro Rust-Proofing Corp. 
Subsidiary of 


Wallace & Tiernan, Inc. 
25 Main Street 
Belleville 9, New Jersey 


Cathodic Protective Systems 


Ellis & Ford Mfg. Co. 

1100 Coolidge Road 

Birmingham, Mich. 
Pipe Cutting Machines 


Engineering Controls, Inc. 
328 Paul Brown Bldg. 
St. Louis, Mo, 


Heat Recovery & Cooling Systems 
(Vapor Phase) 


Enterprise Eng. & Mach. Co. 
Sub. of 

General Metals Corp. 

600 Florida St. 

San Francisco 10, Calif. 


Stationary and Marine Diesel Engines 
Industrial Oil Burners 
Food Processing Machinery, etc. 
F 
Fairbanks Morse Co. 


600 S. Michigan Ave. 
Chicago 5, Illinois 


Alternators, Electric 
Compressors, Rotary 
Engine-Gencseter Unit 
Engines, Diesel 

Engines, Dual Fuel 
Engines, Gas or Gasoline 
Engines, Sludge, Gas 
Generators, Electric 
Motors, Electric 

Pumps, Bladeless, Non-Clog 
Pumps, Centri fugal 
Pumps, Submersible 
Pumps, Turbine 


Filtration Equipment Corp. 
P. O. Box 1331 
Rochester 3, N. Y. 


FECO “FRE-FLO” Filter Bottoms 
Filter O; pereting ¥e Tables 

Filt rou 

Filet Na carlace Wosh Baffles 
Parshall Flume Liners 

Slide Gates and Guides 


Fine Organics Inc. 
205-225 Main Street 
Lodi, N 

Activated Carbon 

Deodorizing 

Sludge Line Cleaner 


Fischer & Porter Co. 
Warminster, Pa. 


Alarm Signals & Systems 

Automation Equipment & Systems 

Chlorinators 

Chlorine Gas Contro! Apparatus 

Chlorine Gas Recorders 

Chlorine Gas Totelizers 

Controllers & Regulators 

Flow Ratio Systems 

Fluorinators 

Gauges & Meters 

Indicators 

Instruments 

Laboratory Apparatus & Equipment 
(glassware) 

Manometers, 

Meters & ae a 

Oxidation-Reduction Potential 
Measurement & Control Apparatus 

Panels 
Centralized Control 


Mercury 


Pumps, Meteri 
umps, Metering 
Recorders 
Rotamete 


qoauie Srevity Apparatus 
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Transmitters 
Valves 
Acid-resistant 
Air 
Air control 
Air operated 
Control 
Corrosion-resistant 
Diaphragm 
Flow control 
Glass 
Motor-operated 
Pneumatic 
Pressure-regulating 
Regulator and constant flow 
Vaporizers, Chlorine 
Water Sterilizers 


Fisher Research Laboratory 
P. O. Box 640 
Palo Alto, Calif. 


Pipe Locators 


Ford Meter Box Co., Inc. 
PO Box 376 
Wabash, Ind. 
Meter Accessories-Boxes, Housing, 
tting 
Meter Couplings, Yokes 
Meter Testing Equipment 
Valve Boxes 


Foster Engineering Co. 
835 Lehigh Ave. 
Union, New Jersey 
"Gentile" Flow Tubes 
"Foster'' Automatic Valves, pressure 
reducing for air or water 
Valves, altitude 
Valves, cushioned check 
Valves, float operated 
Valves, motor operated : 
Valves, temperature regulating 
Valves, vacuum breaker and 
regulating 


Foxboro Co. 

298 Neposet Ave. 

Foxboro, Mass. 
Controllers-Flow, Level Pressure. 

Temperature, . 

Electrical Control Equipment 
Meters, Flow Tube 
Meters, Gas 
Operating Tables (Filter) 
Orifices 
Pitot Tubes 
Rate of Flow Controllers 
Rate of Flow Recorders 
Venturi Tubes 
Water Level Controllers 
Water Level Recorders 


Frontier Chemical Co. 

Div. of Union Chemical and 
Materials Corp. 

Wichita, Kansas 
Acid Sulfuric and Hydrochloric 
Chlorine, Liquid 


Fuller Company 
Sutorbilt Corp. 

2966 E. Victoria Street 
Compton, Calif. 


Blowers 
Gas Pumps 
Vacuum Pumps 


Fuller Company 
Catasauqua, Pa. 
(See Sutorbilt Corp.) 


Gamon Meter Div. 
Worthington Corp. 
296 South Street 
Newark 5, N. J. 


Meters, Water (Consumer) 


Gar Wood Industries, Inc. 
36253 Michigan Ave. 
Wayne, Mich. 

Ditchers 

Trenchers 


General American Transportation 


Corp. 
135 S. LaSalle Street 
Field Building 
Chicago 90, Ill. 

Gas Holders 

Tanks, Storage 


General Filter Co. 
923 2nd Street 
Ames, lowa 
Agitators 
Boiler Feedwater Treatment & 
Equipment 
Carbonators (Recarbonation) 
Chemical Feeding & Proportioning 
Equip. 
Clarifiers, Sewage & Water 
Controllers Flow, Level, Pressure, 
Temperature 
De-Mineralization Equipment 
(Water 
Diatomite Filter Septums 
Electrical Control Reclament 
Filter Equipment 
Filter Underdrains, Water 
Flocculating Equipment 
Gas Diffusers 
Indicators, Large Dial Illuminated 
Operating Tables (Filter) 
Orifices 
Rate of Flow Controllers 
Rate of Flow Recorders 
Sludge Collectors 
Tank Linings ‘ 
Trickling Filter Equipment 
Water Softening Equipment 
Water Treatment for Scale & 
Corrosion 
Zeolite & Zeolite Softeners 


Genera! Services Co. 

P.O. Box 612 

Corvallis, Oregon 
Pumping Rate Control 


Glenfield & Kennedy Inc. 
275 Halstead Ave. 
Harrison, N. Y. 
Filter Equipment 
Strainers-Suction 


Glenn Chemical Co. 
2735 N. Ashland Ave. 


Chicago 14, Ill. 
Psychoda Fly Control Chemicals 


Golden-Anderson Valve Spec. Co. 


1232 Ridge Ave. 
Pittsburgh 33, Pa. 
Valves, Altitude 
Valves, Check 
Valves, Cone 
Valves, Float 
Valves, Motor Operated 
Valves, Pressure Reducing 
Valves, Relief 
Valves, Rubber, Plastic, Glass, 


Lead c ; 
Valves, Special automatic 
including Remote Control 


Gorman-Rupp Co. 

305 Bowman Street 

Mansfield, Ohio 
Pumps, Centrifugal 
Pumps, Sewage & Sludge 
Pumps, Sump 


Graver Tank & Mfg. Co. 
Div.-Union Tank Car Co. 
4809 Tod Ave. 
E. Chicago, Ind. 
Bins 
Breechings 
Elevated Water Tanks 
Gas Holders 
Pressure Tanks 
Pump Suction Tanks 
Reservoirs 
Stacks 
Standpipes 
Storage Tanks 


Griffin Pipe, Div. 
Griffin Whee! Company 
260! Ninth Ave. 
Council Bluffs, lowa 
Pipe, Cast Iron Pressure 


Grinnell Co., Inc. 
Providence, R. |. 
Brass Goods 
Fittings, Tees, Ells 
Jointing Compounds, Materials 
Joints, Mechanical, Flexible 
Nozzles, Spray, Water and Sewage 
Orifices 
Pipe-Fittings, Lined 
Sewer Pipe Joints & Jointing 
Compounds 
Valves, Check 
Valves, Chlorine 
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Valves, Diaphragm 

Valves, Hydraulic (Cylinder 
operated) 

Valves, Foot 

Valves, Special Automation 
(Inclu ing Remote Control) 


Hagan Chemicals & Controls, Inc. 


Hagan Center 

Pittsburgh 30, Pennsylvania 
Blending controlling 
Chemical feed controlling 
Electric measurement transmitting 
Filter rate of flow measuring 

and recording 

Flow integrators, local and remote 


Flow (measuring, recording, indicat- 


ing and controlling) 


Level (measuring, recording, indicat- 


ing and controlling) 

Loss of head measuring and re- 
cording equipment 

PH (measuring, recording, indi- 
cating and controlling) 
Pneumatic 
mitting 

Pressure (measuring, recording, 
indicating and contvolliag} 
Primary measuring elements 

Temperature (measuring, record- 
ing, indicating and controlling) 

Valve positioners 

Water conditioners 


measurement trans- 


Hamilton Kent Mfg. Co. 
427 W. Grant St. 
Kent, Ohio 
Coatings, Acid and Alkali-Proof 
Couplings, Flexible 
Joints, Mechanical Flexible 
Rubber Packing Gaskets 


Hardinge Co., Inc. 


P. O. Box 312 


York, Pa. 


Agitators 

Castings, Iron, Steel, Alloy Steel 
Clarifiers, Sewage and Water 
Drying Systems (Sludge) 

Filter Equipment 

Flocculating Equipment 

Sludge Collectors 

Thickeners (Sludge) 


Healy-Ruff Company 


2255 University Ave. 
St. Paul 14, Minn. 


Alternators, Electric 
Controllers Flow, Level, 
Pressure, Temperature 
Electrical Control Equipment 
Gages (Liquid Level, Pressure 
Recording) ‘ 
Indicators, Large Dial Illuminated 
Pumping Controls 
Water Level Control 


Hercules Powder Company, Inc. 
Wilmington 99, Delaware 
Coating, Protective 


Hersey-Sparling Meter Company 
P.O. Box 31 

250 Elm St. 

Dedham, Mass. 


Batch Control Totalizers 
Controls, Auto Metered 
Indicators, rate of flow 
Indicators, water level 
Indicator-Totalizers, rate of flow 
Indicators-Totalizers, Water Level 
Meters, 

Compound 

Fire Hydrant 

Main-line propeller type 

Repair parts 

Saddles Bolting 

Saddles Welding 

Salt Water 

Testing Equipment 

Turbine Type 

Water Works Intake 

Water (Consumer) 

Tester (Water Meter) 

Totalizers 
Valves, 

Check 

Water Meter Special 


Hooker Chemical Corp. 
Niagara Falls, New York 
Chlorine, Liquid 


Hydraulic Development Co. 
West Bedford 56, Mass. 


Chains (Elevating, Conveying & 
Power Transmission) 

Jointing Compound and 
Materials 

Laboratory Apparatus Reagents 


and ory eg 

Pipe Joint Tools 
Sewer Pipe Joints (and Jointing 

Compounds) 


Ideal Electric & Mfg. Co. 
380 East First Street 
Mansfield, Ohio 


Motor Controls 
otors 


Industrial Chem. Sales Div. 
West Virginia Pulp & Paper Co. 
230 Park Ave. 
New York, New York 

Activated Carbon Deodorizing 


Infileo Inc. 
PO Box 5033 
Tucson, Arizona 


Acid Feeders 

Activated Sludge Plants 

Aerators 

Automatic Controls 

Boiler Feed Treatment Plants 

C.-A.-P, SYSTEM® Instruments 

Chemical Feeders and Propor- 
tioners 

Clarifiers 

Coagulant Feeders 

Coagulators 

Clarification Plants 

Depth Ga 


Diatomite Bitters 
Digester Mixing & Heating 
uipment 

Diffusers 

Filter Operating Tables and 
Consoles 

Filter Plant Equipment 

Filter Underdrains 

Floating rs 

Flotation Equipment 

Gas Dispersers 

Gauges, Indicati 

Grease and Grit 

Griductor Comminutors 

Liquid Level Controls and Gauges 

Loss of Head Gauges 

Manometers 

Mixing Equipment 

Mobile Water Purification Plants 

Pressure Filters 

Rate of Flow Controllers and 
Gauges 

Rotagrator Screen and 
Comminutor 

Rotary Distributors 

Sampling Tables 

Sand Filters 

Sewage Treatment Plants 

Venturi Tubes and Meters 

Wagner Underdrains 

Wash Water Controllers 

Zeolite Water Softeners 


Ingalls Iron Works 


Birmingham, Ala. 


Steel, Fabricati 
Tanks & Stendpines 


and Recording 
val Systems 


International Minerals, Inc. 
20 N. Wacker Drive 
Chicago, Ill. 

Acid Sulfuric and Hydrochloric 

Chlorine, Liquid 

Fluoridation Chemicals 


lowa Valve Co. 
201 W. Talman Ave. 
Chicago, Ill. 
Hydrants 
Inserting Sleeves Valve 
Meter Accessories, Boxes, 
Housing, Setting 
Valve Boxes 
Valves, Motor Operated 
Valves, Mud & Plug 


J 


The Jeffrey Mfg. Co. 
884 N. 4th St. 
Columbus 16, Ohio 


Aeration Apparatus 
Agitators 





Ash and Coal Handling Machinery 
Bins, Storage 
Castings, tron, Steel, Alloy Steel, 


Etc. * 
Chains (Elevating, Conveying A 
Power Transmission) 
Chemical, Conveying Equipment 
Chemical Feeding & Proportioning 
Equipment 
Clarifiers, Sewage & Water 
Conve & Conveying Equipment 
Couplings, Flexible 
Digester Equipment (Sludge) 
Flocculatin uipment ; 
Grit Chamber Equipment & Grit 


Washers 
Mixers & Mixing Equipment 
Screens, Intake 
Screens, Sewage 
Screens, Traveling Water 
Screens, Vibrating 
Sludge Collectors 
Sludge Disintegrators 
Sludge Samplers 
Thickeners (Sludge) 
Valves, Check 
Valves, Gate 


Johns-Manville Corp. 
22 E. 40th St. 
New York 16, N. Y. 


Bituminous Coatings and Linings 
Cements, Acid Proof and 

Alkali 
Cements, Refractory 
Couplings, and Connections 
Coatings, Acid and Alkali-Proof 


Pipe 
Couplings, Flexible 
Filter Aids 
Gratings, Flooring, Treads, 
Railings 
Insulation 4 
Packing (Pumps Joint Valves) 
Pipe and Tank Coatings 
Pipe, Asbestos-Cement 
Pipe, Sewer, Asbestos Cement 
Pipe, Water, Asbestos Cement 
Pipe Wrapp' ng 
Refractories 
Roof Coatings 


Feeders, Chemical 
Filters, Vacuum 
Meider Collectors 
Pumps, S' 9° 
Separation, Flotation 
ge Ejectors, Pneumatic 


Kuhn Brothers Co. 
1800 McCall St. 

Dayton, Ohio 
Fittings, Ductile tron 


L 


Lakeside Engineering Corp. 
222 W. Adams Street 
Chicago 6, Illinois 

Clarifier 

Sewage Treatment Plant 

Spiragester 

Trickling Filter Distributor 


Layne & Bowler, Inc. 
1993 Chelsea Ave. 
Memphis, Tenn. 


Contractors 
De-Minerialization Equipment 
Drilling & Boring Equipment 
Filter Equipment 

Pumps, Centrifugal 

Pumps, Close Coupled 
Pumps, Deep Well 

Pumps, Hydraulic 

Pumps, Mixed Flow 

Pumps, Propeller 

Pumps, Sewage & Drainage 
Pumps, Submersible 

Pumps, Submersible In-Line 
Pumps, Sump 
Pumps, Turbine 
Water Softenin 
Water Supply, 
Well Casting 
Well Cleaning 
Well Screen 
Wells, Complete 


Equipment 
omplete 


Flocculation Equipment 
Gearmotors 
Grit Chambers, Collectors and 
Washers 
ndustrial Waste Recovery 
Equipment 
Liquid Vibrating Screens 
Mixers and Mixing Equipment 
Nozzles, Spray 
Power Transmission Equipment 
Revolving Screens 
Rotary Screens 
Sewage Treatment Equipment 
Screens—Bar, Drum, Revolving, 
Trash, Sewage, Vibrating, 
Water In-Take 
Screw Conveyors 
Scum Breakers 
Sludge Collectors 
Speed Reducers 
Straightline Bar Screens and 
Collectors 
Thickeners (Sludge) 
Trash Screens 
Tritor Screens 
Variable Speed Drives 
Valves, Gate for Bulk Materials 
Vibrating Screens 
Water Intake Screens 


Ludlow Valve Mfg. Co., Inc. 
Ft. of Adams St. 
Troy, N. Y. 


Gates, Shear 

Gates, Sluice 

Gate Vaive Operator 

Hydrants 

Inserting Sleeves, Valve 

Sleeves, Tapping 

Valve Boxes 

Valves, Air Release & Vacuum 
Breaking 

Valves, Butterfly 

Valves, Check 

Valves, Flap 

Valves, Float 

Valves, Foot 

Valves, Four Way 

Valves, Mud and Plug 


Chemical Feeding and Propor- 
tioning Equipment 

Combustion Indicators and 
Recorders 

Controllers Flow, Level, Pressure, 
Temperature 

Electrical Control Equipment 

Filter Equipment 

Flow Meters 

Gages (Liquid Level, Pressure 
Recording) 

Gas Indicator and Detectors 

Manometers 

Meteorological Instruments 

Meter, Flow Tube 

Meters, Gas 

Meter Testing Equipment 

Meters, Venturi 

Operating Tables (Filter) 

Orifices 

Pumping Controls 

Rate of Flow Controllers 

Rate of Flow Recorders 

ae Pressure (Water and 
as) 

Telemetering Equipment 

Valves, Chlorine 

Valves, Diaphragm 

Valves, Motor Operated 

Water Level Controllers 

Water Level Recorders 


Mueller Co. 
512 Cerro Gordo St. 
Decatur 8, Ill. 


Calking Tools 

Clamps & Sleeves, Pipe Clamps. 
Pipe Repair 

Corporation Stops 

Corrosion Suppression 

Curb Boxes 

Curb Stops 

Drilling Machines 

Fittings, Tees, Ells 

Floor Stands 

Gates, Shear 

Gates, Sluice 

Gate Valve Operator 

Goose Necks 


F. B. Leopold Co., Inc. 
227 S. Division St. 
Zelienople, Pa. 


Hydrants (Fire) 
Indicator Posts 
M Inserting Valves 


Rubber Packing Gaskets 


Edward E. Johnson, Inc. 
315 N. Pierce Street 
St. Paul 4, Minn. 
Diatomite Filter Septums 
oan ~~ Well 
nnd River & Lake Reservoir Intalm 


John Wiley Jones Co. 
Caledonia, N. Y. 
Ammonia, Anhydrous & Aqua 
Calcium Hypochlorite 
Chlorine, Liquid r 
Taste & Odor Removal Chemicals 


Kaul Clay Company 
P. O. Box 628 
Toronto, Ohio 
Chimney Tops 
Fire Lock Flue Lining 
Kalok Wall Coping 
Liner Plates 
Pipes— 
Clay Channel 
Perforated Clay 
Vitrified Clay 
Refractories 
Septic Tanks 


Keasbey & Mattison Co. 
Ambler, Pa. 
Jointing Compound Materials 
ipe, Asbestos, Cement 
Pipe, Joint Packing 
Kerrigan Iron Works, Inc. 
1033 Herman St. 
Nashville, Tenn. 
Gratings 


Floori 
Treads—Steel, Storaless & 
Aluminum 


S. P. Kinney, Engineers, Inc. 
201 Second Ave. 
P. O. Box 445 
Carnegie, Pa. 
Valves, Butterfly, Rubber Seated 


Komline-Sanderson Eng. Corp. 
Peapack, New Jersey 
Drying Systems (Sludge) 


Leupold & Stevens 


Butterfly Valves 

Chemical Feeders 

Contractors 

Fiberglass Reinforced Plastic 
Wash Water Troughs 

Filter Equipment 

Filter Operating Tables 
Filter Underdrains 

Flocculating Equipment 

Four-Way Valves 

Hydra-Pneumatic Control Systems 

Samplers 

Sampling Tables 


Instruments 
Inc. 


4445 N. E. Glisan St. 
Portland 13, Oregon 


Controllers, Flow, Level, 
Pressure, Temperature 
Flow Meters 


Gages 

Indicators, Large Dial Illuminated 
Rate of Flow Recorders 

Water Level Controllers 

Water Level Recorders 


Link Belt Co. 


Prudential Plaza 
Chicago |, Ill. 


Air Diffusor Units 

Agitators 

Ash Handling Equipment 

Bar Screens 

Bearings, Ball, Babbitted, Roller 

Belt nveyors 

Bins, Storage 

Bio-Filtration Equipment 

Bucket Elevators 

Car Spotters 

Castings 

Chains and Sprockets (Elevating, 
Conveying and Power Trans- 
Mission 

Chemical Feeding and Propor- 
tioning Equipment 

Chemical Conveyor Equipment 

Circuline Collectors 

Clarifiers, Sewage & Water 

Collectors, Sludge and Dirt 

Conveyors and Conveying Equip- 


ment 
Contos Flexible, Rigid and 
ul 

Dryers and Coolers, Sludge 


Drum Screens 
Feeders, Vane 
Flash Mixers 


A. Y. McDonald Mfg. Co. 
12th and Pine Streets 
Dubuque, lowa 

Check Valves 

Copper Service Pipe Couplings 

Corporation Stops 

Curb Boxes 

Curb Stops 

Gate Valves 

Globe Valves 

Goosenecks 

Lead Flange Fittings 

Meter Couplings 

Meter Stops 

Service Boxes 

Service Pipe Couplings 

Solder Nipples 

Water Meter Stop Couplings 

Water Meter Stops 


M & H Valve & Fittings Company 
P. O. Box 151 
Anniston, Alabama 
Hydrants 
Sleeves, Repair 
Sleeves, Tapping 
Valves, AWWA 
Valves, Check 
Valves, Flap 
Valves, Gate 
Valves, Hydraulic 
Valves, Low Pressure 
Valves, Mechanical Joint 
Valves, Motor Operated 
Valves, Mud 
Valves, Pneumatic 
Valves, Ring-Tite/Fluid-Tite 
Valves, Shear 
Valves, Tapping 


M. C. G. Company 
1851 Bedford Street 
Columbus, Ohio 

Filter Underdrains Water 


Merrick Scale Mfg. Co. 
184 Autumn St. 
Passaic, N. J 

Scales, Sludge 


Minneapolis-Honeywell Requlator 


Co. 
Wayne & Windrin Aves. 
Philadelphia 44, Pa. 


Boiler Feedwater Treatment 
and Equipment 


Laboratory Apparatus 
Lubricants, Valve 
Meter Accessories 
Meter Couplings, Yokes 
Pipe, Copper 

Pipe Joint Tools 

Pipe Tapping Machines 
Regulators, Pressure 
Saddles, Pipe : 
Sleeves, Pipe Repair 
Sleeves, Tapping 
Strainers 

Valve Boxes 

Valves, Check 

Valves, Flap 

Valves, Gate 4 
Valve Inserting Equipment 
Valves, Mud & Plug 
Valves, Pressure Reducing 
Valves, Relief 

Valves, Tapping 


Multiplex Mfg. Co. 
Berwick, Pa. 


Joints, Slip 

Valves, Air Release, Vacuum 
—_ 

Valves, Sewer 

Valves, Surge & Water Hammer 


Nalco Chemical Co. 
6216 W. 66th Place 
Chicago 38, Ill. 


Coagulants — 
Coagulant Aids , 
Water Treatment Equipment 


Natco Corp. 

327 Fifth Ave. 

Pittsburgh 22, Pa. 
Ceramic Glazed Facing Tile 
Filter Underdrains J 
Glazed & Unglazed Face Brick 
Sewer Pipe 
Storage Bins 


National Clay Pipe Mfgrs. Inc. 
1820 N. St. N. W. 
Washington 25, D. C. 

Filter Underdrains, Water 

Joints, Compression-Type 

Pipe, Sewer 
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National Pool Equipment Co. Back Pressure 
. ec 
Lee Highway, P. O. Box 888 Control, Temperature and Pressure 
Florence, Ala. Diaphragm 
National Power Rodding Corp. Foot 
Swimming Pool Equipment & Gate 
Chemicals Pilot Operated 
Pressure Relief 


Regulating 

Relief, Pressure Vacuum 

Water Pressure Reducing, 
regulating 


Proportioneers Div. 
B-I-F Industries 
350 Harris Ave. 
Providence |, R. I. 


Diatomite Filters 
Filters, Vacuum 
Hypochlorinator 
Proportioning Pump 


Phelps Dodge Refining Corp. 
300 Park Ave. 
New York, N. Y. 


Taste and Odor Removal Chemicals 


Philadelphia Quartz Co. 
Public Ledger Bldg. 
Independence Square 
Philadelphia 6, Pa. 
Coagulating Aids R 


Cc ion Inhibit 
nite. Roberts Filter Mfg. Co. 


Sodium Silicates 640 Columb 
ia Ave. 
Phipps & Bird Co. Darby, Pa. ae | 


National Power Rodding Corp. 
1000 South Western Ave. 
Chicago 12, Ill. 


Cleaning Sewer Mains 
Cleaning Water Mains . 


Neptune Meter Co. Pacific Flush Tank Co. 
19 W. 50th St. 


New York 20, N. Y. 
Meter Parts 
Meter Testing Equipment 
Meter Valves, Couplings 
Meters, Water, Compounds 
Meters, Water, Current 
Meters, Water, Dispiacement 
Meters, Water, Fire Service 
Meters, Water, Recording 

Newport News Shipbuilding 
Dry Dock Co. 

Newport News, Va. 


Rack Rakes 
Gates, Sluice 


Nichols Eng. & Research Corp. 
80 Pine Street 


4141 Ravenswood Ave. 
Chicago 13, Ill. 


Aeration Apparatus 

Arresters, Flame 

Diffusers-Plates, Tubes & Fittings 

Digester Equipment 

Distributors (Sewage Filter) 

Gages (Liquid Level, Pressure 
Recording) 

Gas Holders 

Heaters, Digesters 

Manometers 

Siphons 

Trickling Filter Equipment 

Valves, Relief 

Waste Ges Burners 


Pacific Pumping Co. 
9201 San Leandro Street 


6th & Byrd Sts. 
Richmond 5, Va. 
Boiler Feedwater Treatment & 
Equipment 
Buffer Solutions & Tablets 
Comparators Color 
De-Mineralization Equipment 


ar 

ratory Apparatus Reagents & 
uipment 

pH Test Equipment 

Photoelectric Colorimeters 

Pumps, Vacuum 

Residual Chlorine Test Apparatus 

Samplers & Sampling Tables 

Sewage Samplers 

Sludge Samplers 

Stirrers 

Turbidimeters 


Boiler Feedwater Treatment & 
Equipment 

Filter Equipment 

Filter Underdrains Water 

Flocculating Equipment 

Operating Tables (Filter) 

Sludge Valves (Telescopic) 

Valves, Mud a 

Water Softening Equipment 

Zeolite & Zeolite Softeners 


Robinson Pipe Cleaning Co. 
Box 300 
Canonsburg, Pa. 


Cleaning, Sewers 
Cleaning, Water Mains 


Rockwell Mfg. Co. 


400 N. Lexington Ave 


Oakland 4, Calif. Pittsburgh, Pa. 


Photovolt Corp. 


New York 5, N. Y. : 
95 Madison Avenue 


Driers, Sludge 
Incinerators 


Norse Electric Co. 
55 Water St. 
New York, N. Y. 


Filters, Diese! Oil 
Filters, Engine Oi! 


° 
O'Brien Mfg. Co. 
5632 Northwest Highway 
Chicago 46, Ill. 


Sewer Cleaner Machines 


Olin Mathieson Chemical Corp. 


Chem. Div. 

Mathieson Bldg. 

Baltimore 3, Maryland 
Acid Sulfuric and Hydrochloric 
Ammonia, Anhydrous and Aqua 
Calcium Hypochlorite 
Chlorine, Liquid 
Deodorizing 
Sode Ash 
Sodium Hypochlorite 
Water Treatment for Scale and 


rrosion 
Well Cleaning Chemicals 


The Oliver Corp. 
400 W. Madison Street 
Chicago 6, Ill. 
Earth Moving Equipment 
Trenching Equipment 


Omega Machine Div. 
B-I-F Industries 

350 Harris Ave. 
Providence |, R. |. 


Fluoride Feeders 
Meters, Water 


Opelika Foundry Co. 
P. O. Box 326 
Opelika, Ala. 
Boxes, Valve 
Manhole Covers 
Manhole Frames 
Meter, Service 


OPW-Jordan Corp. 
6013 Wiehe Road 
Cincinnati 13, Ohio 
Boxes, curb 
Brass goods 
Castings 
Connections 
Controls 
Couplings 
Fittings 
Regulators 
Valves: 
Air 
Automatic 


Pumps, Sewage | 
Pumps, Submersible 


Parker Seal Company 

Div. Parker-Hannifin Corp. 
10567 W. Jefferson Blvd. 
Culver City, Calif. 


Gaskets, flange 
Seals, flange 


Pennsalt Chemicals Corp. 
3 Penn Center 
Philadelphia 2, Pa. 


Acid Sulfuric and Hydrochloric 
Activated Alum 

Ammonia, Anhydrous end Aqua 
Calcium Hypochlorite 

Cements, Acid Proof and Alkali 
Chlorine, Liquid 

Coagulating Aids 

Coatings, Acid and Alkali Proof 
Ferric Chloride 

Filter Alum 

Insecticides 

Paint (Acid Resisting) 

Sodium Hypochlorite 

Sodium Phosphates (Glassy) 
Swimming Pool Chemicals 


Pennsalt Chemicals Corp. 
Industrial Chemicals (West) 
P.O. Box 1297 
Tacoma |, Washington 
Acid Sulfuric and Hydrochloric 
Ammonia, Anhydrous and Aqua 
Calcium Hypochlorite 
Chlorine, Liquid 
Ferric Chloride 
Insecticides 
Sodium Hypochlorite 
Sodium Phosphates (Glassy) 


Permutit Company 

Div. Pfaudler Permutit Inc. 
50 W. 44th St. 

New York 36, N. Y. 


Aerators 

Activated Carbon 

Automatic Control Tables and 
Cubicles / 

Boiler Feedwater Equipment 

Chemical Feeders 

Carbon Dioxide Indicators and 
Recorders 

Cold Lime and Lime-Sode 
Process Water Softeners 

Deaerators 

Demineralizing Equipment 

Filter, Gravity and Pressure 

Hot Process Water Softeners 

lon Exchange Resins 

Iron and Manganese Removal 
Equipment 

Precipitators 

Valves, Multiport—Automatic or 
Manual 

Waste Treatment Equipment 

Zeolites and Zeolite Water 
Softeners 
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New York, N. Y. 
pH Meters 


Pittsburgh Coke & Chemical Co. 
Grant Building 
Pittsburgh 19, Pa. 

Coatings, Protective 


Pittsburgh-Des Moines Stee! Co 
3456 Neville Island 
Pittsburgh, Pa. 

Bins, Storage 

Breechings Steel 

Floating Covers 

Gas Holders 


Portland Cement Assn 
Dearborn & Grand Ave. 
Chicago 10, Ill. 

Concrete Pipe (Water & Sewaqe) 


Henry Pratt Co. 

319 West Van Buren St. 

Chicago 7, Ill. 
Valves, Butterfi 
Valves, Hydraulic Cylinder Operated 
Valves, Mechanical Joint 


Precision Chemical Pump Corp. 


1396 Main St. 
Waltham 54, Mass. 
Pumps, Chemicals 


Preload Corp., Inc. 
355 Lexington Ave. 
New York 17, N. Y. 


Bins, Storage 
Contractors, Water & Sewage 


Pressure Concrete Co. 

1555 Helton St. 

Florence, Alabama 
Gunite Contracting 


J. R. Prewitt & Sons, Inc 
Pleasant Hill, Mo. 


Drills, Auger 
Diggers 


Price Brothers Co. 
1932 E. Monument Ave. 
Dayton 1, Ohio 
Pipe, Concrete, Pressure 
Pipe, Culvert 
Pipe, Sewer 
Saddles, Pipe 
Siphons (Sewage Dosing) 


Process Engineers, Inc. 
420 Peninsular Avenue 
San Mateo, Calif. 

(See Eimco Corp.) 


Lubricants, Valve 

Meters, Water 

Regulators, Pressure 

Valves, Four Way 

Valves, Hydraulic Cylinder Operated 
Valves, Lubricated Plug 

Valves, Mechanical Joint 

Valves, Motor Operated 

Valves, Mud & Plug 


W. S. Rockwell Company 
2829 Eliot Street 
Fairfield, Conn. 


Valves, Butterfly 

Valves, Check 

Vaives, Cylinder Operated 
Valves, Diaphragm Disc 
Valves, Float A 
Valves, Motor Operated 
Valves, Slide 


Roots-Connersville Blower 
Div. of Dresser Industries, Inc. 
900 West Mount St. 
Connersville, Ind. 


Blowers, Aeration, positive 
Blowers, Aeration, centrifuga! 
Meters, Gas 

Pumps, vacuum filter 


Royer Foundry & Mach. Co 
158 Pringle Street 
Kingston, Pa. 

Sludge Disintegrators 


Schield Bantam Co. 
Park Street 
Waverly, lowa 


Trenching and Construction 
Equipment 


Schramm, Inc. 
West Ches‘er, Pa. 


Air Compressors, Portable 

Air Compressors, Self-Propelled 
Air Compressor, Tractor-Type 
Construction Tools 

Pump, Sump 


Shahmoon Industries, Inc. 
Warren Foundry & Pipe Div. 
55 Liberty St. 
New York 5, N. Y. 

Pipe, Cast Iron 


Simplex Valve & Meter Co. 
7 E. Orange Street 
Lancaster, Pa. 
Controllers Flow, Level, 
Pressure, Temperature 
Filter Equipment 
Gages (Liquid Level, 
Pressure Recording) 





Indicators, Large Dial Illuminated 
Manometers 
Meters, Electric 
Operating Tables (Filter) 
ifi 


Orifices 
Rate of Flow Controllers 
Rate of Flow Recorders 
Sand Expansion Indicators 
Valves, Air Release & 
Vacuum Breaking 
Me aot A. Instruments 
Water Level Controllers 
Water Level Recorders 


Smith-Blair, Inc. 
535 Railroad Ave. } 
So. San Francisco, Calif. 
Adapters, Flanged Coupling, 
Mechanical Joint 
Caps, Pipe End ? 
Clamps, Pipe Repair : 
Couplings, Mechanical Joint 
Straight & Reducing 
Fabrications, Pipelines 
Joints, Expansion 
Rings, Water Lock 7 
Saddles, Tapping, Repair 
Sleeves, Tapping 
Tees, Cast 


A. P. Smith Mfg. Co. 
East Orange, N. J. 
Pipe Test Plugs 
cleaves, Tapping (Valve) 
Valve Boxes } 
Valve Inserting Machines 
Valves, — 
Velves, Hydraulic Cylinder Operated 
Valves, Mechanical Joint 
Valves, Motor Operated 


Smith & Loveless 
Div. Union Tank Car Co. 
96th St. & Old 50 Highway 
Lenexa, Kansas 
i fuctors. Rotery 
Filters, Swimming Pool 
Recarbonators ‘ 
Sewage Ejector Stations 
Sewage nn Stations 
Sewege Treatment Plants 
Water Mixers, Flocculators 
Water Pumping Stations 


Southern Pipe : 
Div. of U.S. Industries, Inc. 
Arrow Highway at Irwindale Ave. 
P. O. Box C ; 
Aausa, California 
Steel hones A e Lined 
‘ar Lin 
pee Mortar Lined & Asphalt 
or Coal-Tar Wrapped 
Standard . ‘ 
Steel Pipe Engineering Service 





Southwestern Plastic Pipe Co. 
P.O. Box 117 
Mineral Wells, Texas 

Pipe, Plastic 


Speelmon Elevated Tank Service 
822 N. Court Street 
Rockford, Ill. 


Tank Linings ; 
Tank Maintenance & Repair 


J. S. Staedler, Inc. 
25 Dicarolis Court 
Hackensack, N. J. 


Drafting Pencils & Equipment 


Standard Dry Wall Products, Inc. 
Box X 
New Eagle, Pa. 

Concrete Hardener 

Pipe, Cement y= J of 

bag maw My oad Materials 


Standard Instrument Corp. 
657 Broadway 
New York 12, N. Y. 


Recorders 
Totalizers 


Standard Steel Corp. 

5067 S. Boyle Ave. 

Los Angeles 58, Calif. 
Drying Systems, Sludge 


Steel Plate Fabricators Assn. 
105 W. Madison St. 
Chicago 2, Ill. 

Steel Pipe & Tanks 


Stuart Corp. 
516 N, Charles St. 
Baltimore, Md. 


Activated Carbon 
Anthrafilt 
Con 


~~ & Conveying Equi t 
Filter siomeet iveying Cquipmen 
Filter Media 
Filter Underdrains, Water 
Flocculating Equipment 
Sets, Seetse Eq 

f amber Equipment & 
Miners & Misieg E 

ixers ixing Equipment 
Water Softening Sacipment 


Sutorbilt Corp. 
Subsidiary of Fuller Co. 
Catasauqua, Pa. 

Blowers 


Synchro Start Products, Inc. 
8151 N. Ridgeway 
Skokie, Il. 


Electrical Control Equipment 
Engine Controls 


System Analyzer Corp. 
Nokomis, Ill. 
Electric Computers 
Electric Motors 
Motor Controls 
Phase Converters 


T 
Tennessee Corp. 
619 Grant Bldg. 
Atlanta, Ga. 
Acid Sulfuric & Hydrochlori 
Copper Sulfete lyorochioric 
4 . 
ee 
Ferric Sulphate 
Fluoridation icals 
Thickeners (Sludge) 


Tex-Vit Supply Co. 
Mineral Wells, Texas 
Pneumatic Sewage Ejectors 


Pneumatic Sewage Lift Stations 
Pump Stations 


U 
U. S. Electrical Motors, Inc 
Box 2058 Terminal Annex 
Los Angeles 54, Calif. 
Gears, S Reducing 
Motors, Electric 


peed Reducers, Transmission 
Variable Speed Transmissions 


U. S. Pipe & Foundry Co. 
3300 First Ave. N. 
Birmingham 2, Ala. 
Cement Lined Pipe and Fittings 
Fittings, Pipe 
Pipe, Centrifugal Cast Iron 
Pipe, T Joint® 
Pipe, i i 


U. S. Rubber Co. 
1230 Avenue of Americas 
New York 20, N. Y. 


Acid, Sulphuric & Hydrochloric 
Chemical, Gomveviog Equipment 
Clamps & Sleeves, Pipe 
Coatings, Acid & Alkali-Proof 
Couplings, Flexible 
Filter Aids 
Forms & Gaskets for Pipe Joints 
Hose, Air, Steam, Water, Suction 
Insecticides 
Joints, Expansion Pipe 
Lubricants, Valve 
Paint (Acid Resisting) 
Pipe & Fittings Lined 
Pipe & Tank tings 
Pipe Joints (Mechanica!) 
Pipe, Plastic 
Roof Coatings 
Rubber Lined Pipes & Valves 
Tank Linin 5 
Tanks, Rub’ Lined — 
Valves, (Rubber, plastic, 

glass or lead) 


Waterproofing Peint, — 
Compounds & Materials 
Well Cleaning Chemicals 


¥ 


Vulcan Materials Co. 

2019 Sixth Ave. N. 

Birmingham, Ala. 
Aggregates 


Walker Process Equipment Inc. 
840 N. Russell Ave. 
Aurora, Ill. 
Aeration Apparatus 
Carbonators 
Clarifiers, Sewage and Water 
Digester Equi ment, Sludge 
Distributors, Sewage 
Floating Covers 
Flocculating Equipment 
Gas Diffusers 
Gas Holders : 
Grinders, Garbage and Screenings 
Grit Chamber Equipment and Grit 
Washers 
Heaters, Digester F 
Mixers and Mixing Equipment 
Package Sewage Treatment Plants 
Samplers and Sampling Sinks, 
Sewage 
Screens, Sewage 
Sludge Collectors 
Thickeners, Sludge 
Trickling Filter Equipment 
Valves, Sludge : 
Water Softening Equipment 


Wallace & Tiernan Inc. 
25 Main Street 
Belleville, N. J. 


Ammoniators 

Activated Silica Equipment 

Boiler Feedwater Treatment and 
Equipment : 

Chemical Control Equipment 

Chemical Feeding and Propor- 
tioning Equipment 

Chlorinators 

Chlorine Control Equipment 

Comparators 

Dechlorinating Equipment & 
Chemicals 

Gages (Liquid Level, Pressure, 
Recording) 

Gas Indicators & Detectors 
(Chlorine) 

Hypochlorinators 

Hydrogen-lon Equipment 

Lime Slakers 

Manometers 

pH Test Equipment 

Proportioning Equipment 

Pumps, Acid Handling 

Pumps, Diaphragm 

Regulators, Pressure (water & gas) 

Residual Chlorine Controllers 

Residual Chlorine Test Apparatus 

Valves, Chlorine 

Water Level Recorders 

Water Treatment for Scale & 
Corrosion 


Washington Aluminum Co. 
Knecht Ave. & Penn R. R. 
Baltimore, Maryland 

Gates, Shear 

Gratings, Flooring Treads, Railings 


Water Seals, Inc. 

9 S. Clinton St. 

Chicago 6, Ill. 
Waterstops 


Waukesha Motor Co. 
Waukesha, Wisc. 


Engines, Gas, Gasoline, LP Gas, 
age Gas 


Weinman Pump Mfg. Co. 
286 Spruce Street 
Columbus, Ohio 

Pumps, Acid Handling 

Pumps, Centrifugal 

Pumps, Sewage & Drainage 


Westinghouse Electric Corp. 


Gateway Center, 40! Liberty Ave. 


Pittsburgh 30, Pa. 
Electrical Control Equipment 
Fans + & La a 


Geers, 
Generators (Electric) 
Meters, Electric 


Motors, Electric 

Penstocks 

Pipe, Plastic 

Switchboard & Switch Gear 
Transformers, Electric 
Turbines, Steam 

Valves, Butterfly 

Valves, Gate 

Valves, Motor Operated 


Wheeler Manufacturing Corp. 
80 Ross Road 


Box 688 

Ashtabula, Ohio 
Pipe Cutters 
Pipe Tools 


C. H. Wheeler Mfg. Co. 
P. O. Box 6910 
19th & Lehigh Sts. 
Philadelphia 32, Pa. 
Pumps, Centrifugal 
ial and Mixed Flow 
Mixed Flow Volute 
Sewage and Drainage 
ump 
Vacuum 
Valve Operators 


White Motor Co. 
White Diesel Engine Div. 
1401 Sheridan 
Springfield, Ohio 
Engine-Generator Unit 
Engines, Diesel 
Engines, Dual Fuel 
Engines, Gas & Gasoline 
Engines, Sludge, Gas 


Wilbur & Williams Co., Inc 
662 Pleasant Street 
Norwood, Mass. 

Paints 

Protective Coatings 


John Wiley & Sons, Inc. 

440 4th Ave. 

New York 16, N. Y. 
Books, Technical 


Willamette lron & Steel Co. 
2800 N.W. Front Ave. 
Portland 10, Oregon 

Valves, Ball 

Valves, Cone 


R. D. Wood Co. 
Public Ledger Bidg. 
Independence Square 
Philadelphia 5, Penna. 
Fittings, Tees, Ells, Etc. 
Hydrants (Fire) 
Pipe, Cast Iron 
Pipe, Cement Lined 
Pine’ Sc inte (M h 
ipe i 
Vaive ody ry 
Valves, Gate 
Valves, Mechanica! Joint 


Woodward Iron Co. 
Woodward, Alabama 
Pipe, Cast Iron 


Worthington Corp. 
Harrison & Worthington Aves. 
Harrison, N. J. 

Agitators 

Comminuting Devices 

Compressors, Air 

Concrete Breakers 

Concrete Mixer 

Condensers (Steam) 

Drilling & Boring Equipment 

Drives, V-Belt 

Ejectors, Pneumatic or Steam 

Engine-Generator Unit 

Engines, Diesel 

Engines, Dual Fuel 

Engines (Gas & Gasoline) 

Engines, Sludge, Gas 


Y 


Yeomans Bros. Co. 

2002 N. Ruby St. 

Melrose Park, Ill. 
Industrial Wastes Equipment 
Sewage Pumps 
Water Treatment Equipment 
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Plastic Pipe for Water Services 
Pressure in Water Meters 
Pressure Regulators 
Safety During Cleaning 

Service Extensions to Fringe Areas 
Sizing Water Service Piping 
“Slip-on” Joint Pipe 

Storage, Peak Demand .... 
Underground Surveys 


D. M. Test for CuSO. Dosage 


Dosage Control 
Chlorine 
Copper Sulfate 





Dryers, Flash 

I aaa scenseseanecnentenisoononss , 
Dual-Fuel Engines 

Dwindling Clean Water Supply 


Efficiency, Horsepower, Head, Capacity chart 
Electrical Equipment ...................... . -59, (°60) 


Electricity 
Data ESE ERs IS ia ee oon ee et 


t 





oe oe Starting Probl 





Relay Test. Motor Protection 0.00.0... 
Elevated Storage Tanks Steel .20000000.000.....ccccccccce (56) R-157, R-161, R-166, 
R-172 ('67) R-129 
Elutriation of Sludge ..................... : (56) R-305, (60) R-318 
Engineering Fundamentals ....................-.:-c:cc-cesssssesesseseeseseesesneeenereeeee DB) R-B350 
Engines, Dual-Fuel ('57) R-809 
Equation of Pipes ow (56) R-358 


Equipment 
Color Coding-identification ("68) 
Crane, hydraulic oid 
Electrical Operators 
Sewage Treatment Plant ............ 


Equitable Charges for Fire Protection 


Equivalents 
Current Flow and Heat Production 
Pipe Size Nomograph 


Feeding Devices 
Chemical, Dry, Checking Chart . 
h a) 











Handling, Chemicals ........................ A iindesbubasi (56) R-83, 


Fertilizer 
Sewage uae as evn Conditioner 
Sludge ........ MB int. 





(56) R-189, 





(56) R-14 (°57) R-65- 
(°56) R-106, 





Media Vacuum 
Oil’on Sludge Gas Engines .... 
Operating Characteristics of 
Rapid Sand 


Sewage 

Trickling, Trickling Filters 
Trickling, eh Rate No care 
Vaccum, See: Vacuum "Filtration 
Water a 


Filtration 
Diatomaceous Earth 2A Be tae a 
Filter Bottoms, Porous Plate 
High Rate ........... 











Operating Characteristics of. “Rapid “Sand Filters. 
Reversible Diatomite Filtration 

Vacuum—See: Vacuum Filtration 

Vacuum Diatomite 

Water 


Finan 
Financing Small Water Utilities in California ............. 
Financing Water Utilities in Michigan 
Sewage Works 
Water Works 

Fire 
Flow Required for Towns 
Hydrant Flow Gage 
Protection changes 
Streams vs. Pipe Size 


Fittings 
Friction 








in 


Flow 
Circular Sewers 
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Concrete Pipe Line 


Diagrams 

Fire Hydrant Gage 
Head Loss through Valves and Fittings 
House Service Pipes 


Loss of Head in Pipe 
Measurement—See: Flow Measurement 
Measurement by Orifice 
Measurement of Sewage, new unit 
Measurement, Rectangular Channels 
Meter, Magnetic 
Pipe, Loss of Head, Nomograph ..... 
Pipe, Measurement with Orifice 
Channels 
Required for Fires 
Resistance 








"69 
(56) R-16, {sr 
"66 






































Water, by Hydraulic Pumping Ram 
Water in Concrete Pipe Lines 
— Measurement 
oo Flow 


rt Rectangular. 
a a Pipe Line 


..(°69) R-479 
(69) R-480 
(66) R-60 

Differential Producers ... : ( 69) R-76 

House Service P he 26 





ipes 
Loss of Head, Nomograph 
Manning’s Formula 
Meters and Devices, for Waste, Primary . 
Meter- ———_, Flow 
Orifice M 
Pipe, com _— 
Pipe, Nomograph 
Reasons and Devices 
Sewer 





Unit for Sewage Flow 
Water Works 


luoridation 

Applied, Fundamentals of . 
Automatic Control 
Chemicals, Availability 
Hydrofluosilicie Acid 


Formulas 
Manning’s ............. we eer 
Freezing of Small Piece cio hes 
Friction 
Hydraulic Entrance Losses ............................... 
Valves a Fittings siete PE a 
Water in Pipes . (°56) R-357 (’59) 
, (57) R-28, (58) R-37, (°60) 


G 


Garbage 
Garden Hose Packing .................... 
Gas 

Diffusion, Digestion Control 


Engines, Dual-Fuel ..... 
Engines, nee . 


e Oil Fil RET Te 
Masks, for Cle Handiing sieipecuteea ; ..(°56) R-43 
Production, Sludge Digestion necietaieccniieieael 
Sludge Gas ee | at Aurora, Til. 

Utilization _......... pecesiees 
Gate Valves 

ee | (57) R-161 

Design .... ; ; (67) R-161 
Selection .... puathibtesdlanndcbeateateit (°67) R-145 
Grinding aie ielcasiiieciatlabls boat seecbiociantaale ...(°5T) R-888 
Grinding Screenings .(°56) R-247 
Grit 

R-247 


Ground Water Resources 


Location & Evaluation ..... (60) R-107 


Handling 

Chemicals (See Chemica! Handling) 
Chlorine (59) R-95 
Sludge - 68) R-305 
Solids, Sewage, Dried or Incinerated ss R-821 


Hardness, Automatic Analysis for ...(°59) R-116 








Head 

Also See: Loss of Head 

Capacity, Efficiency, Horsepower Re.ationships 
Limiting, Entering 
Loss in Butterfly Vaives 
Loss eo Loss x Head 
Loss — seers (58) R-389 
Relationships ......... CEES ES Ee 


High Rate Trickling Filters (56) R-267 


(56) R-362 
(56) R-49 
(°57) R-169 











Horsepower 
ewety, Efficiency, Head Chart 





(66) B-362 
(56) R-58, R-362 


(56) R-26 (°67) R-52 











Shafts f. oy) 
Col Store and Use Data 61) R-365 
Relay Test for Motor Protection (68) 


Humus Production 
Hydrant 


Flow Gage 


Hydraulics 
Chart of Loss of Head in Feet per 1000 Ft. of Pipe ............ 
Crane, Sewer Construction 
Dye test for Basin Performance 

















Flow Resistance 
Flow and Depth in Channels or Conduits 
Loss of Head in Pipe and Fittings 

Pumping Ram, use of 
Rate of Flow in Rectangular Channels 2............:.ccccssssesseseeseeneee 
Roughness Coefficient Measurement ...............cc0csscssscnsecsecneenseeeee 
Single Pipe Lines 


Hydrofluosilicie Acid 
Hydrogen Sulfide Determination 
Method 

















Hydrogen Sulfide in Sewers 


Impact of Industry on Water Supply 
a ee tr eS 
Incinerators, Flash Drying 

Incinerators, Multiple Hearth 

Incinerators, Sludge ........... : 


ndustrial Wastes 
Effect on Stream Pollution 





Joint Industry & City 
Ordinances, For Contro! o 
Ordinance Requirements 
Phenols & Sewage ....... 
enn and Processes 


and Probl ET SS ..(°56) R-322, 
Tastes & 





Odors 
aes Oxidation Treatment 
iy ‘Operations. 
Inhibitors for Acid Cleaning 
Inspecting Steel Water Tanks : eT 
Interstate Pollution Control Agencies ——s 


~~ puma 
Control . ee 


-(°56) R-73, R-74 (57) R-54, R-65 ("59) 
Filter . "6 
anon and Control in Water Treatment 








Time Recorder—Totalizers at 
Water Works 


Introduction to Water & Sewage ks 
(56) R-13, (57) R-3, (’58) R-3, (°59) R-3, (°60) 
Ion Exchange (67) R-222, ("60 R-186 
Iron & Manganese Removal from Municipal & eee 
Water Supplies (59) R-252, (°60) R-192 


(56) R-209, (°57) R-225 


Joints, Sewer Pipe, Resistance to Tree Roots 
Joints “Slip-on” 


L 


Labora 

Alkalinity, Measurement in Wate a R-382 
Automatic Analysis for Silica & icman ) R-116 
Control R-88 
Dissolved Oxygen Determination (69) R-119 
Membrane Filter Procedure x R-103 
Improved Membrane Filter Medium for the Detection of 

ee i Organisms 











(57) R-95, (°60) R-100 
(56) R-106, R-109 pis R-103 
R-386 


ESE A AE DOL, ATA (57) R-269 


(66) R-336 


R-463 


Leaks 
Water Distribution Syst (68) R-151 


Legal Problems, Water-Sewage Works od R-31 
Municipal Water Rates 60) R-25 


al Problems : 
—s Aspects of Stream Pollution . (°59) R-35 
Water and Other Natura! Resources ............ ...("69) + R-89 


Levelling Shafts (56) R-270 





Lime ° 
Characteristics (°57) 
Control of — ; ‘ (°57) 
Pulverized . ~ a sau (a) 


Water Softening ........ (’°67) R-216 


Limiting Entering Head 
Literature .. 


spesceceeeneneee (56) R49 
(56) R-17, (68) R-9 


Leading 
Sewage Lagoons, B.O.D R-277 


Loss of Head 


ly Val R-169 
Butterfly Valves aie 





Pipe 

Pipe and Fittings 
Labricated Plug Valves .... , , (57) 
Lubrication, Equipment (’57) 











Mains 
Cleaning and Lining 
Extens 
Laying with Transit Cr 


Main Line Metering .. 


Maintenance 
Acid Cleaning of Soeire 
Air Diffuser ....... = 
Well Capacity ...... 
Centrifugal Pump ...... 
Color Codes in Plan 
Dual-Fuel Engines 
Elevated Tanks ... ) R-157, R-161, 


Maintenance visenmmadh Procedures . 
Meter . ie 

Meter Cleaning 

Meters, Sewage 

Meter Shop 2 my 

5 mo Protection .............. 


ipe 
Piping Color Codes .... 
Plant, Genera) ........... 

Plug Valves ... 

Preventive 

Pump, Sewage 

Sewage Treatment Works, 
Sewer System, “Factors ‘in ‘, 
Steel Water femme (56) R-157, (°57) R-129 (°68) 
..(°56) ‘R-161, “R- 166, R-172, (°57) R-129, oe 


Water Meters—Repair or Replace 


Management 

Also See: Administration 

Administrative Practices, Better 

—- Monthly Water 
Effective Management Through Organization — 

Financing Sewage Works 

General ............. sa 

Incentive Pay Plan, “Meter “Repair - 

Increase Revenue 

Legal Problems .... 


GRID « ccenseneepentneeecnesscses 
Philosophy of M r 
Problems 

Public Relations and 


Safety Rules, basic fifty 

Water Meters, advantages of . 

Water Plant Records soninseinidaien 
Water Supply Development, Elements of ................ 
Water Works andl 

Water Works Billing Department. iil 

Water Works Budge 


Manganese Removal 
Manning’s Formula ................ ‘oe 
Manuals on Water and Sitiknie Works . 

















(56) R-70, (°60) 
..(°56) R-17 (°67) 


Materials 
mag Pipe Joint, Resistant to Tree Root R-261 
Filter Bottom, Porous Plate este R-191 
Protective, Concrete Sewer Pipe R-247 
Mathematics 
Solubility & Percentage Saturation of Oxygen in Water 
Measurement 
Alkalinity in Water R-382 
R-60 


..(°69) R-491 
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Sewage Works 
Small Plants 
Solids Incineration, sestemmntedl Cost of 
Trickling Filter bs aay R- 
nd ieseshacietaath saaweciadtsteumabetestonate Water Distribution System ia (68) R-135 
oo Flow sevconsenne , 0 Water Works 3, (67) R-113, (58) R-115, » 18 R-104 
cccesennl Co SS, | Se R-183 
oa Flow, by new unit 


Pipe Flow, by Circular Orifice ae SEATS , Ordinances, Industrial Waste R-342 
Mechanism of Corrosion , i N Orifice, Flow Measurement 


Membrane Filter 
EEE SI acer ee ..(°56) R-106, R-109, (°67 
Procedure, discussion of. ald 
Water Supply Control, Packing 


Metering Packages, Chlorine 
Benefits of : a a Don'ts” 
Main Lines A Garden Hose 

Handling _.......... 

Meters Stuffing Box 
Benefits of ‘ L———,  ~ 
Cleaning, Solvent is eS : Painting 
Incentive Plan for paid i tehtnbpessectsbs Gesibeaegneaditesiauanaanaaaan Elevated Tanks ; (56) ee 
Magnetic, Flow ............ ss Cae ..(°58) R-64, (°60) 7 Maintenance Procedures é . : ("69 
Main Line, Selection | : ...(°56) R-62 (°69) Sewage Works ........... candi “has 
Main Line ae? 4 R-62 Steel Water Tanks . “R-129 (68) R-155 
Maintenance ' (67) R-176, 4 Tanks, Steel Water ( —. BiH 
Maintenance bad ae am 6 Per Capita Water Consumption, Factors in, ............ .(°68) 
Propeller ...... 
Reading _... (’ Personnel 
Renovating ... : us : Sewer Maintenace ............ EE ("60) 
Repair, Incentive Plan for 
Repair and Replace, When to , a pH 
Sewage ....... ATES mi Alkalinity Indicators 
Shop Outpu (ee vy Li Control with ... 
Water, advantages of sieadiohiiginapbiciubiandtiy 


Miscellaneous 
Availability of Fluoridation Chemicals ................ , 
Oil Filters on Sludge Gas Engines ..............ccccccssessesvesvesseesesseennnel™ Pipe 
Sewer Cleaning and Safety Measures .................. 
Underground Photographic Surveys ............... ‘en Bending Chart 2 
Cast-Iron, Cutting 
0 Se PO RC Oe oe , , + ty of Lose of Head ....... sail 
. lay, Velocity and Discharge ye 
Motor Starting 7 Trouble a .(°57 Cleaning, Acid #3 
Municipal Service, Water Supply for , Codes, Color ... 
Color Codes ... 
Color Coding—I 
Commercial Size for Fire mee 
N Concrete, Flow in . 
° —— Protection of, HS gas 
. rrosion ...... a 

Net Positive Suction Head ....... ; ("56) Cutting Large. eee a : 

Nomographs Economic Routes, Calculation for ..... 
Chlorination Control : ; (68) R- Equation of ........ a , 
Concentration of Impurities, ‘Water ieee eee 2 ...(°58) Equivalent Size “Nomograph | eR 
Flow from Hydrants . (°59) Flow, measurement, nomograph 
Flow in Concrete Pipe Lines ... 59) R-480, (60) Flow, measurement with orifice 
Flow in Pipe, Selving for ("58) Flow, resistance F 
Hydraulic Entrance Losses ee veseee(’59) R-484, (°60) Freezing of ......... cnn 
Losses in Water Meters : (°59) Frietion of Water in .. 

Loss of Head in Pipe ..... - 59) R-485, (60) Friction Reduced by Chlorination 

Manning’s Formula a f (°56) Growths Controlled by Chlorination 

Oxygen Dissolved in Water (°B9) Hydraulics of Single Lines 

Oxygen Solubility in Water (°58) Joints, Sewer, Resistance to Free Roots ........ 
Pipe Bending .......... sil ‘ (56) Loss of Head mn we 
Pipe Flow, Head L005 0... ccccccsssscssssssseee (°58) Loss of Head, Nomograph — 

Pipe Length, Equivalent ...............0........ a. i (°60) Nomograph for Equivalent Lanathe .. 

Pipe Size, Equivalent lt ciate ; (°67) Plastic a , 
Pumping Costs ... TES i . (BT) Plastic for Water Services 

Rectangular Channels ccc. 6 (’59) Pressure, Shock, aati for, 
Rectangular Tank Contents ................ is (°60) Repairs, Small .. 

Shock Pressure, Water Hammer ; (°58) Sewer Construction, “Salt ‘Lake City ae 
Solubility & Percentage Saturatien .. ; (59) Sizing Water Service vinctaed dasintnenibantin 
Tank Capacity, Water, Soteuguter ; (°58) Slip-on” Joints ......... . 

Tank Contents, Cylindrical ........ (°56) Taps ; 
Weir Capacity, Rectangular ........ cee (59) R-478. (°60) Thawing eaceatateousecezeocereccccessneces segereneeseeee weer. 
Weir Capacity, V-Notch oa sesssssszz..(°B9) R-487, (°60) Velocity sosseerescessenvemereeersvsee( BO) R486, (°60) R-4 

















Number of Pipe Taps ; . (56) Planning Water Service, Lomg Rage o..o.......ccccccccccccceseecseeeesseeee (BT) 
Planning Water Supply Resources 
Plans, Storage of ..................... 
Plant Electricity 


Odor 
Control in Sewage Treatment (58) 34! Plastic Test Bottle ............ . 


Sewage . ("67) Plug Valves 2.0.0... ; 
Water—See: Tastes and Odors 
Pollution Control Shiaihtn ones 


Ohmmeter Technique for Flow Measurement (66) Pollation Control 4d Water S ly 
Office Operations ..............-...- ; § 27, R-29, pets om ae EN 





ati Pressure - 
Losses Wate ete’ ‘i pissed ETE, 
et a } Process ....... ; ‘ (58) ee, te . nie Lessshocsmnisiesicialeaiiel tae) 
ctiva’ u ("69 Shock, Wate “He > “Ne h fe sidelined ee 
Chemical Distribution “Systems : in 4 8 eter Hemmer, smears i — 
Costs, Water Works ie Je ; (°57) Primary Flow Measurement Devices . ‘ icing (56) 
Digester, CO: Alarm (°58) (See Head Pressure Table) 
Digester, Removal Oz Demand, Supernatant Liquor (58) Primary Treatment 
Electrical = © ” or See also Sewage Treatment (Primary Units) Sludge (Handing) 
Beat ... waa 57) Roe eC cena OS? Economical Lagoon System of Sewer ‘Diapessl 2 (°5 
- 57 -28, ( 58) R-37, (°60) Equipment ’ 








i - 60) 
Management and Public Relations (°58) 
Meter Maintenance Shop daseieldilien (°59) 





a senses The Process o 
Office a ae Ber 56 ne EES cncccccscesecee ; 
a yo Sew = d ash os TEED —sav-casserrsaniarreantonnatanbcovicsovcin 
ary mentation wage , (68) R-265 
rervebapeeteir tS R233 (°B9) R-B14 Propeller Type Meters . 
-(°59) R-261 Protective Coatings 
(68) R-277 Concrete Sewer Pipe, «zainst HS 
(68) R-847 Corrosion Control selkinennadatioton 





Lagoons 
Seunee Plant, Tips in ; 
Sewage Treatment, Odor Contro! . is (58) R-343 ees 
Sewage Treatment Works, Primary ........ (°56) R-247 Steel Water Tanks 
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Public Relations & oss 
Odor Control, , nlieg ‘Treatment ............ 
Maintenance, — System, neta to. 





nag 


M 

Promotion ; 
Responsibility for Caay Relocation 
Sewage ro «9 
Utility oaanaiaes 
Water Works Management ...............000c008 


Pumps 
Senate, Submersib] we 
eee a ae Centrifugai rap 


Centrifuga 
} new te "Efficiency “ot. 


Costs 

Field Testing of Centrifugal 

Genera! ...... SESS 
Hydraulic Ram, “pumping ‘by 
Limiting Entering Head 

Motor Protection, Relay Test 

Motors 

eet cuees 
NPSH 


Packing Ww 
ee NA 


Stations, Lift Sewage a es 
Time Recorder—Totalizers 











56) 


Plant Design, Sewage 

Sludge “+ 
Stations, “Automatic ‘Control of .... 
Station, ; 
Submersible Booster ... 

Systems, Raw Sludge ... 
Terminology 

Time Records—Totalizers . 

WEED TRIPE scttstinintntrstensend 


Quality Control of Water ... 
Quicklime——See Lime 


Rates 
Water 
Sewer Service “Charges aol 


Rates of Flow 
Air in Pipes : 
Control Systems, simplicity oe ite 
Rectangular Channels ................ 
Raw Sludge, Thickening ........ ‘ 


Raw Sladge, Vacuum Filtration 


Recording, Chlorine Residual .... 
Records, Commercial 


Recovery Characteristics of Di‘ferential 
Producers .............. 


Regulators, Pressure 


(56) R-66 


Removal 
Immediate Oxygen Demand 
Iron and M 
Manganese and Iron ...... e 
Roots, Control] in Sewers (CuSo:) .......... 


Rentals, Sewer .................. irentehtmantias 
Repainting Steel Water Tanks . 

Repair of Lubricated Plug Valves 

Repair of Small Pipes . 





(56) R-172, 


Reservoir 
Steel Tanks ‘ 
Reference Manuals & Books 
Revenwes, Water .............c0c. co ’ 
Rubber-Seated Butterfly Valves (Part 1 & WD) 0000... 


Safety 
— Lights 


SS Coding in Plants . 
Dollar PG ‘Program 


GENRE? TIED diectuiiccicenncccaiee : 
Fifty Rules, basic 


seve (59) 


a 
“R-233 
mae 


("57) 
("60) 


("58) 
("59) 
("58) 
(58) 
(60) 


. (57) 


(67) 
("57) 
(56) 


("59) 
("56) 


.. (56) 


(°58) 
(57) 
(57) 


".(°B8) 
(57) 


(°67) 
(67) 
(56) 


("56) 


B (°58) 
R-15, 


(58) 


R-15 


R-479 

R-74 
R-390 
R-336 
R-313 
R-173 
R-213 

R-29 


R-76 
R-142 

R-78 
R-316 
R-225 
R-225 
R-255 

R-18 
R-129 
R-166 
R-224 


R-157 

R-9 
R-176 
R-173 


Measures & Sewer Cleaning 
Organizing a Safety Program .... 
Program 

Water Works . Seateainicade 
Sewage Works ........... 


Saline Water Conversion 
Sanitary Engineers Directory, 


56) R42, 


ee 
Screening, Sewage 


Secondary Treatment 
See: Activated Sludge, 
ment, Secondary 


Tricklinz Filters, Lagoons, 





Ss dary Treat + 
Activated Sludge ........ 
Filters _ ......... 

High-Rate Sewage “Treatment 


Sedimentation 
Equipment 
Liquid Alum, use of 
Notes on 


Sewage Treatment, The Process of 


Selecting Valves for Water Service 
Selection of Chemical Feeders 
Service Charges 

Settling Tanks 


Sewage 
Authorities ie 
GI | crccncatnrnecnnteeree 
Chlorination Control 
Disposal, Lagoon System 
Flow Measurement Devices 
Flow Measurement Unit 
Garbage, Addition to 
Handling Technology 
Laboratory Control . 
Lagoons 
Meter Main ‘ 
Odor Counteraction ..... nai 
Pumping, Automatic Variable Speed a 
Pumping Plant Daten i 
Pumps, Multi-speed . woulliba 
Reclamation, for re-use és 
Screening 
Sedimentation 
Services, Rate Making .. 
Sludge—See Sludge 
Soil Conditioner 
Solids, Combustion 
Solids, Determining 
Syndets in ja 
Time Recorder—Totalizers 
Treatment: See Sewage Treatm n‘ 
Works: See Sewage Works 


Sewage Treatment 
Activated Sludge ...... 
Activated Sludge, Frothing 
Activated Sludge Process . 
Chlorination 
Chlorination i 
Digestor Control ................ 
Digester Net Capacity 
Electrical Switch Gear ...... 
Filters iatigietnes 
Functional Ope on . 
Gas Utilization ....... seaside 
Grit Collection & Washi ng 
High-Rate sail 
High-Rate Trickling Filt-rs 
Incineration, Solids, Cost of ....... 
Industrial Wastes ain 
LABOONE  ....22..20000020-0 ocean 
Lagoons, Economical wh 
Lagoons, the method of . 
Metropolitan Facilities 
Odor Control ............. 
vH Zones 
Plant Operation, Tips in 
Primary Sedimentation, the process of 
Primary Units 
Pumping Station Design 
Secondary 
Sludge, as Fertilizer 
Sludge Dewatering, raniens & Incineration 
Sludge Digestion 
Sludge Disposal 3 
Sludge Handling .... : 
Sludge Pumping... 
Solids, Dried or Incinerated, “handling of 
Stabilizetion Ponds, Design 
Stream Pollution 
Total Oxidation Treatment ... 
Trickling Filters, The Operation 
Vacuum Filtration—See Vacuum Filtration 
With Phenols 


Sewage Works 
Accounting and Service Procedures (Modern) 
Authorities 


. ("6 
..(°56) R-261, 


aes i 


.-(°56) 
.("56) R-283, 


.("56) 


R- 245, 


..(°56) R-261, 


..(°B9) 


R-271 
(57) R-291, 


R-247, 


R-465 


(sey waa, 
(59) R-42, ("60) 


(59) R-138 
(60) R-5 
(°66) R-247 


and Sewage Treat- 


..(°59) R-340 
--(°59) R-382 


(59) R-322 


ms 57) R-257 


.(’6T) R-145 
..(°56) 


R-84 


(56) R-23 


...(°6T) R-257 


(57) R-13 


(57) R-269 
("56) R-320 


R-94 


(59) R-340 
(58) R-295 
(58) R-288 
{ 68) R-299 


5 
R-261, 
was’B 


vaouees(B6) R227 





Automation 
(’56) R-17, 





Books 

Collection System Maintenance 
Color Coding, Identification 
Commutator Maintenance ........... 
Compressed Air, Applications - 
Corrosion .. os _ 
Crane, hydraulic 

Effluent Reclamation 
Equipment Lubrication 


( 
(57) R-6 f 


R-364 
R-241 
R-106 
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R-466 


Financing 
Flow Diagrams 
Introduction to ..... 
Laboratory Methods 
Legal Problems 
Library—See: Books 
Maintenance, Electrical 

Motor Protection, Relay Test ..... : 
Municipal, Industrial Wastes . .(°69) 
New Measuring Unit, Sewage Flow 58 
Operation 

Operation, Tips in. 
Ordinances, Industrial Waste 

Pipe Routes, Economic, een f for 
Practices-Introduction sehiiaansans 

Primary Treatment 

Public Relations ......... a 
Pumping Automatic Variable "Speed * 
Pumping Lift Station ——e 

Pumps, Multispeed .......... , 
Pumping Plant Design ; 





Solids Disposal sasentintaiiitduasesacinnminnagal *B6 
Solids Handling : (°57 
Solubility of Oxygen in Water x 

Solvent, Meter Cleaning (67 


= Source of Supply 

(58) Cetyl Alcohol for Evaporation Control . 
. Saline Water Conversion “ 
Radioactive Rains and Surface ‘Water ‘Supplies , .(°59) R-183 


Specifications, Steel Tanks (56) R-157 
Square Roots of Numbers P - (59) R-488 
Squares of Numbers i - ("59) 
Standard Methods (57) R-95 
State and Interstate Pollution Control Agencies ........ (58) R-8 (60) R-6 
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General American snes 08 
Corp. . ates 


General Filter ‘Ox. x 
Golden Anderson Valve Specialty Co. 


Graver Tank & Mfg. Co., 
(Div. Union Teak Car Co.) 


....R-103 
R-259 
R-141 





R-105, 106 


Hamilton Kent Mfg. Co. —..................-. R-155 
Hardinge Company, Inc. ................. ate R-339 


International Minerals & 
Chemtlont) Gates ected 


J 


Jeffery Manufacturing Company, The .. 
Jones Chemicals, Inc., John Wiley 


R-295 
R-177 


Komline-Sanderson Engineering Corp. 
R-303, 304, 305, 306, 35! 


L 


Link-Belt Company —.......................... 
Ludlow Valve Mfg. Co., The 


M & H Valve & Fittings Company 
Merrick Scale Mfg. Co. 
Multiplex Manufacturing Co... R-214 


Nalco Chemical Co. ........... ies 
Natco Corp. weoeceeveneeR-217 
Neptune Meter Co. —.....-........ R-138, 139 
Nichols Engr. & Res. Corp. ................... R-329 


sae R-300 





°o 


Omega Machine Co., Div. of B-I-F 
Industries, Inc. .....................R-69, 70, 71, 72 
Opelika Foundry Co. .....W2/......................R-240 


P 


Pacific Flush Tank Co. ............. R-276, 277 
Pacific Pumping Co. 0... -.--------co-------eelR-349 
Pennsalt Chem. Corp. (West Div.) .....R-179 
Philadelphia Quartz Co. _._. vane 163 
Phipps & Bird, Inc. ....... .-R-BF 
Pratt, Henry, Co. - ° R129 
Precision Chemical. fae om. ._R-66 
Preload Co., Inc., The ....R-113, 114, 115, 116 


Proportioneers, Inc. 
Div. of B-I-F Industries, Inc. R-69, 70, 71, 72 


Rensselaer Valve Co. 
Roberts Filter Mfg. Co. 0... 


s 


Schouwien, 166... thanks wee 
Sentth: Baie, tie, 2 
Smith & Loveless, Ime. 2.2.2 eeeed 
Salt: tle. Gen Fe 
Southern Pipe 

(U. S. Industries, Inc.) 
Soler Core, 


T 


Tennessee Corporation .......... 


U 
U. S. Pipe & Foundry Co. .... 


w 


Wallace & Tiernan, Inc. ................... 
Washington Aluminum Co., Inc. —......... 
Wheeler Mfg. Corp., The 
White Diesel Eng. Div. 

(The White Motor Co.) .... 
Worthington Corp. —...............-.....- 


Yeomans Brothers Co. 
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